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PREFACE 

ro THE FIRST EDITION 



Thb geaeid want of a suitable test-book od Natural 
Philosopb}', adapted to youDg pupils. And, at the aame time, 
to the progieia of iDBtructioa iu this countrj, has, fbi a loog 
time pan, been the subject of complaint with many of the 
most experieDced teachers. In the following treatise, the 
anlbor has made an attempt, bo far as bis abilities pennitted, 
<^ supply this deficiency. He baa, for this reason, endear- 
K^ Dred Dot only to preseire his work from some of the gross 
erroTB, with which it is oommiHi la find elementary treatises 
on this science charged, but has enlarged it also- with the 
most recent discoTeries in electricity, galvanism, and mag* 
aetism. The anthorities, and the sources from which he has 
drawn, have been carefully indicated ; and the- subjects on 
which the opinions of phiioeophers are divided, treated of 
in a manner to leave both teacher and pupil at liberty to 
adbnre either to one or the other hypothesis. As regards 
the general plan and arrangement of the votk, it will suffioe 
to Bay, that the inductipe method has beeit pursued, as far as 
it was practicable in a treatise of this nature, ^he whole 
is divided into ten Chapters, treating separately of the Gen- 
eral Pfopeitiea of Hatter, of the Phenomena of Coheeioa and 
Adhesion, of the Laws of Motion, of Hydrostatics and Aero- 
atatiw, of the Hecbanical Properties of the Atmosphere, of 
Heat, la^, 'Electricity, Galvanism, and Magnetism. Each 
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Chapter u agun divided into SeotioiiB, which are numbered, 
tnd connst of short Bentencea, for the sake of being men 
euilj referred lo, and to assist the memorj et young pupila. 
The mathematical part baa been separated from the test, and 
is thrown into the notes, not to interrupt the pro^sa of 
those who are not yet familiar with mathematical reasoning. 
The Appendix contains nothing butEKercisea for the pupils, . 
which are dirided into aa manj Chapters and Sections as the 
test ; each Chapter referring to the same Chapter in the text, 
and each Section to that Section of the book which is preceded 
by the same number. 

The aatronomica] part has been omitted, for the obrioas . 
reasm of its making no part of Natural Fbiloaophy. Astron- 
omy is a science anfficienlly important of itself to be treated 
of separately, aa has been done by anibors of distinction, 
whose works are already extensively introduced into common 
schools. The stndy of Astronomy, when united to that of 
Natnral Fhiloaopby, tends, in moat cases, only to divide the 
attention of the learner, and to impede his progress. It is 
, more intimately connected with Mathematics, and forma a 
far better sequel to Geometry, than any branch of the natu- 
ral sciences. 

Having <hns brought his treatise on Natur^ Pfailoscqthy 
to its proper limits, the author intends lo have it followed by 
an elementary treatise on Chemistry, which will be execu- 
ted on the same plan, and form a necessary sequel to this 
work. 

B»ttM, Jfordl 38, 1832. 
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PREFACE 

TO THE STEREOTYPE EDITION. 



At the sfiggeBtion of muty intelligent inBtractora, the 
Firflt, Second, and. Third Chapters have undergone coosid- 
erable alterations, to adapt, the work to the capacity of young 
pupils. The Fourth Chapm ia eotirelj nen, and treats of 
Mechanical Fowera. The remaining Chapters are but little 
modified. To reduce the price of the work, it appears, in 
this editicHi, in a more condensed form. Instead of the Ap- 
pendix of the first edition, each Chapter ia fellowed by a 
Rec^itulation, containing questions for the exercise of the 
papils. 



Boston, January SiS, 1635. 
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DIRECTIONS ID TEACHERS. 



To every Section of the book there is & qaeation ia the 
Recapitulation, preceded by the same sectional number as 
that of the text. The sentences in italics are to be com- 
mitted to memory, and constitute the answers to ibe qnes- 
tions in the Recapitulation, which are likewise primed ia - 
Italics. 

The questions which are printed in smaller type, reier to 
the remarks in the text, which are intended for more 
advanced pupSs, and may be omitted until reviewing the 
book. 

The questions in the notes refer to the mathematical 
part, contained in the notes to the test. They are to 
be required only of those pupils who have had some instruc- 
tion in mathematics. They are all of ao simple a nature, 
di&t any one who has acquainted bimaelf with the elements 
itf ffflomedr will be ready to aiuwer tbem. 
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NATURAL PHILOSOPHY. 



CHAPTER I. 

OBJECTS AND DEFINITION OF NATURAL PHIL08OPHT. 
GENERAL PROPERTIED OF BODIES. 

§ 1. Aa far as the material world, in which we are 
placed, is perceptible by our senses, it consists of thinjfs, . 
ay d of chaoges to which these things are constantly sub- . 
jected. 

^ 2. Natural Philosophy is the scimce of visible things, 
and has for its object the investigation of the laws to which 
they are subjected. 

^ 3. Among our senses there is but one wh'ch informs 
us directly of the existence of bodies ; this is the sense of 
touch ; hence we may say that a body is a tangibly thitig. 

The organ of sight does not always convey a direct proof .of 
the esislence of a body : the spherical form of the sky, 4he 
ima^ in looking-glassea, &c,, are only appearancta of things, 
but have, of themselves, no materid existence. With regard to 
die organs of taste, smelling and hearing, the testimoDies of 
these senses ate so vague and contradictory, that we cannotrely 
upon them with any degree of certainty. Thus many bodies, 
such as silex (the principal- ingredient of glass), atmospheric 
air, most of the gaaea, and many of the metals, are entirely taste- 
less and inodorous ; and yet each of tbem has an independent 
material existence. — Sonnd emanates &om bodies only under 
certain circumstances, so that nothing is more possible for us, 
than to be in the immediate neighborhood of a sonorous bodj^ . 
without having the least indication of it through the sonse of 
healing. 
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14 QENEBAL PBOFERTIES OF B0DI£3. [CHAP. I. 

^ 4. There are certain properties whbh are common 
to all bodies, and others which belong to some of them ex- 
cluBiTely. To the former are reckoned the two most uni- 
fersal properties of things — magnitude and impenetrability. 

Magnitude is the extension of a body, or the space which 
it apparent!; fills, and is by some phOowphers also called 
its volume; and the bulk of. matter which it contains is 
called its mats. Impenetrability is thai general property 
of bodies, ahicA prevents one body from entering the space 
already occupied by another. 

It is certain thst we cannot imagine a bod; ever so small 
without having at least some magnitude ; na;, this is so much 
a condition of tangible things, that without it we should absolutely 
remain ignorant of'them, since they could not possibly aiTect 

In reference to the impenetrability of bodies, we would ob- 
serve, that by it we do not mean, that one body may not be made 
to occupy a.portion of the apace formerly filled by another. On 
the contrary, phenomena of this kind are of such frequent occur- 
rence, that they may be witnessed every day. — In compressing a 
sponge, or a piece of India rubber, we certainly fiirce these bodies 
to occupy less space than before, and therefore fill, with our 
hands, a.portion of the space formerly filled by them ; but there 
is no power in nature which can so for compress a body, aa en- 
tirely to deprive it of magnitude, because Uiis would amount to 
a total annihilation of it ; and it is thia resistance to a total anni- 
hilation of magnitude which haa properly received the name of 
trnpenetrobtlt^. 

§ 6. Matter is the universal term for the infinite variety 
of bodies, indqiendent of form, magnitude or quality. Hence 
we say, in the abstract. Matter is that tohiehfRt space. 

hi the course of this treatise, we shall often use the terms time 
and tpace ; but we would wun the pupils never to forget that 
time and space are not thing* of themselves, but merely certain 
conditions of our perceiving them, which we shall now explain. 
All phenomena in nature cannot occur at once : they follow each 
other with a succession of intervals, the length or duration of 
which we are capable of comparing and measuring. Thia con- 
stitutes our idea of limt.- Neither is it possible for us to im- 
agine two bodies to be, at the same time, in the same place. 
Each body exists within certwn limits inaccessible to others, 
the extent of which, however, is subject to variation, and is, 
therefore, again capable of being conqiared and measured. Thia 
conatitdtes uie idea aivpace. 
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DIVISIBILITT. 



^ 6. Besides the two uniTereal properties of bodies, of 
which we have spoken in the preceding section, there 
are yet seren others, which, we know trom experience, aret 
in a greater or leaser degree, common to all bodies ; these 
are, divisibility, porosity, density, compressibility, expansi- 
6ifi(y, mobility, and elasticity. 

We shall now proceed to describe each of these properties 
separately. 

§ 7, Divisibility. Experience and observation teach 
us that all bodies, even the hardest or most compact of them, 
may, by the application of some exterior force, be separated 
into two QT more part; : each of these may again be subdi- 
vided into two or several lesser parts, which, in their turn, may 
be separated into parts still more minute; and there exists, 
ID the mind, no actual limit beyond which this gradual sub- 
division-may not be carried. This capacity of being 
divided into smaller and smaller parts, is termed the divtst- 
biUty of bodies, or of matter in general.* 



flubdiviaion of uky definite mofrtitude of space. The BBme, however, 
csn hordl; be supposed to be £e case with a Sied portion of nwMer ; 
for, altbaugb the division of same substances ins.f be curied to im 
BBtonisbing imnutenesn, yet the particles thua lAtained become finally 
■a small, that their iiirthcr division becomes, at least fnecbiBuiiJjy, im- 

Tbe fallowing easy demonstration will establiah the first part of our 
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' 16 POROSITY. [CHAP. I. 

Instances of extreme dirisibilitj aie daily funuabed bymtuiy 
processes is the mechBnic arts, such as pounding', wiredrawing, 
plating, gilding, &c. Very remarkable, in this respect, is the 
eitreme minuteness to which the particles of a number of" 
Bubstances may be reduced by some of these operations. Dr. 
Woliaston has succeeded to draw piatmum into wire of not more 
than one eighteen thousandth part of hji inch in thickness. ^ 
piece of gofd sufficient to cover the one hundredth part of an inch 
of this wire, is not more than the 864 millionth part of an ounce ; 
and, by the aid of a microscope, it is possible to carry this division 
still farther, to the 432 billionth part of an ounce. A gold-beater 
can hammer out one tenth of a grain of gjold into 37 square feet 
surface ; and, according to Reaumur, one single grain of gold may 
be drawn into a piece of wire 600 feet long ; and 38 grains of the 
same metal would be sufficient to cover a piece of silver wire 
upwards of 1000 miles in length. (See Chemistry, Chapter IV., 
on Metals.) Nature furnishes us witli still more striking instances 
of the extreme minuteness to which the division of matter may 
be carried. The wings of some of the insecta (50,000 of which 
would not have a quarter of an inch in thickness), tRe dust 
on the wings of butterflies, the eyes of bees, the innumerable 
class of animslcute, so small that they are not perceptible with- 
out a microscope, and yet endowed with all the organization of 
eoperior animals, are ample proofs of this assertion. 

§ 8. Porosity. The space which bodies occupy is not 
throughout filled with their own substance. In a piece of 
wood, for instance, there ate places which, at least, are not 
filled with particles of wood. These are called tntcrstires 
or pores. Now, as the same property baa been more or less 
observed in all bodies, as far as we' have be^ able to examine 
them, we may aafely conclude, that all bodies have pores, Or 
that porosity is a general property of bodies. 

all equal to one another ; and from any point, G, on this side of the 
line EFj draw the Btr^ght Unes GH, GI, GK, GL, &c. These Unea 
will dividG the line EF saocessively into smaller and smaller parts ; 
and as there is no limit to the number of equal diatances which may 
be taken upon the indefinite line EB, tiiere can be none to the num. 
ber of pajts which may thus be cut off from the line EF : iiirthej, as 
CD is parallel to AB, It foUows that none of the lines GH, GI, GK, ' 
««., can ever coincide wiUi the line CD, or with one another; con- 
•equently, there is no assignable limit to the minuteness of the ports 
into which the line EF may be divided. Now, as every straight line, 
consequently, also, the line EF.ieprcsenls a dimension of spare, it 
follows tot every dimension of it; and, thprefore, space itself, may 
be diYjdn in the same maoner. Hence we are correct inaayinff 
ipace itstlfis divisible ad inflnftsm. 
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CHAPI I.I DEtrSITT AND COUFRESSIBILITT. 17 

It ia not neceasainr to suppose that the pores of matter are vaciti, 
that ia, entirely void of nuOta: When water or other fluids enter 
the pores of bodies, it may be by evpelling another substance pre- 
viously coDtained in them. (This is done, for inBtance, when a 
sponge is filled with water ; the air contained in it ia then ex- 
peUed.) 

Rebuhk. The pores of bodies, and the cellular texture of 
plants and animals, explain the inBuence of the atmoapbere upon 
them, the operation of aaltfea, plaate_rs, &c.; for, unless the 
skins or coverings of animals were provided with pores, these 
salves could never penetrate, nor could the dampness or dryoeaa 
of the atmosphere have such an immediate influence upon us : , 

Krspiration would be entirely impoaaible, sjid the enduring of 
at be rendered painful and dangereus. 

^ 9. Density. If tbe whole volume of a body were en- 
tirely filled with its own matter, that is, if there were no in- 
. teiBticeBi'it would be perftctli/ dense. As there is no such 
body in nature, we call a body more dense in compar- 
ison with another, when if has Jewer interstices, or, which 
is the same thing, when it contains a greater quantittf of 
matter in the same space. 

Thus a piece of wood is said to he less dense than a piece of 
iron of the same magnitude, because it contains less matter in 
the aame space ; hut wood ia denser than atmoapheric air, be- 
cause it contains more matter in tbe same space. 

^ 10. Compressibility. Experience leaches ua that tdl 
bodies may, by an adequate exterior force, be compelled to 
occupy less space without diminishing in matter or sub- 
stance. This property; which is owing to the porosity of 
bodies, ia termed compressibility. 

Fig>3. A simple experiment of this kind may be made by 
the compreasion of atmospheric air, In a cylindrical 
-, 'barrel, AC (see the figure), by means of a piston, E, 
being moved air-tight by the rod Bf. It is -evident 
- that when the piston is pushed down to the middle 

A 'of AC, the air in the barrel will be compressed to 

one half its former volume ; if the piston ia raove'd 
' down to one fourth of EC, the compression is carried 
to one fourth of tbe volume, and ao on. And as the 
particlea of air in the barrel are brought nearer each- 
other in proportion aa the piston is moved down into 
the barrel, the number and magnitude of interstices 
must diminish accordingly. 

Rehakk. A body without porea (a perf^cBHense 
body) would be incompressible ; because; mV*'^''^ 
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occasion to lemuk before {§ 4), one body cannot enter upon 
the Bubetance of another and fill the epace already occupied. In 
our experiment, therefore, the piston doee not fill the space oc- 
cupied by the air, but merely displaces a portion of It by forcing 
it into a smaller epace. 

§ 11. Expansibility. Besides the capacity of bodies, 
under certain circumstances,, to occupy less space, most. 
of them may also be made to occupy more, which property 
has received the name of expan'sibitity. 

As an inatapce, we may take the above -de scribed experiment. 
When the piston, E {see Fig. 3. page 17), has been forced down 
near the bottom, C, and is then left free, it will immediately be 
pushed up again; and this will be occasioned by the rapid ex- 
pansion of the compressed air in the barrel. Now, although this 
property does more especially belong to atmospheric air and 
the i^es, we shall soon learn that no body in nature is entirely 
destitute of it ; nay, that most subatancea may, through the in- 
fluence of heat and other circumstances, be brought to assume 
the gaseous form. 

§ 13. Mobility. In animated nature, every body has, 
tbe power of changing its place, which faculty is termed 
locomotion. Now, although this power, is denied to plants 
and minerals, yet every day's observation shows us tliat they 
may at least be made to change their places by the applica- 
tion of some external force. A ball may be moved by a 
stroke of the hand or foot ; a ship, though, of itself, motionless, 
sails from one place to another by the power of the wind ; 
projectiles are thrown by the force of gunpowder ; ■boats and 
machines are moved by the application of steam, dtc. This 
universal capacity of bodies of changing their places or rel- 
ative positions, is termed the mobility of bodies. ' The act 
itself, of proceeding from one place to another, is called 
motion. ■ 

The capacity for motion does not only belong to the bodies 
themselves, but is>also a property of their portick^. This ia man- 
ifest by the capacity which they have to change their relative posi- 
tion ; for, without the mobility of paiticlea, there could neither 
be compression nor expansion, nor any other change in tbe form 
of bodies. 

^ 13. Elasticity. There are bodies which are capable 
of changing their forms, when some interior force is applied to 
them j jesuming, however, their former shape as soon as that 
power ceases to operate. This property, which all bodies 
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possess ia a greater or less degree, is known by the name 
of elaiticity_. 

Examples. An ivory bftll, which ia striking upon a firm plane, 
■becomes indented at the place where it comes in contact ; but 
immediately after resumes its forcaer round shape, A piece of 
India robber, whether compressed or stretched by the hand, 
resumes its former shape as soon as it is left to itself. Even 
the experiment alluded to in §■ 1^ '^ a proof that the air ia clas- 
tic ; for, after being compressed in the barrel, it resumes ils 
former extension when the piston is left free. But we shall 
presently have occaaion to say more on this subject, especially 
when beating of acoustics. 



\ 14. Out aanses intbnn us that all bodies do Dot ex- 
hibit the same properties, or, at least, do not affect us in the 
same manner. Who csjj number the infinite variety in. the 
material, composition of bodies 1 the variety in color, taste, 
elasticity and form 1 the numberless ways in which they 
affect our sense of toilchT There are not two bodies in 
nature exactly of the same form, color, or taste, &c. Even 
in the same body,, as, for instance, in granite, we discover, 
often, parts of a different nature. Hence arise the differ- 
ent appellations of bodies ; the endless catalogue of animals, 
plants and minerals. Bodies which resemble each other 
in some of their essential qualities, are said to belong to the 
same genus or family. Bodies- which are formed of the 
same substance are said to be homogeneous, and those which 
are composed of different materials are said to be hetero- 
geneous* substances. 

^ 15. To account for the infinite variety of substances, 
many philosopher's suppose, iHat all bodies are originally 
composed of particles unchangeable and indivisible, and so 
small as altogether to elude our senses. These ultimate 

' The words homogentimt and htterogejitoua are taken from the 
Greek, and sij^ifj, of ikt lame kind, and of difftrenl kiJida, les- 
pectivaly. 
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particles they call atoms ; and on theii relative magnitude, 
form, position, and distance from each Other, depend, tD 
tbeir opinion, the shape, texture, color, taste, &,c., in short, 
all the properties of bodies which are the subject of philo- 
sophical inquiry. 

This theory, however plausible, is yet far from being satia- 
factorr; but, then, it is more than probable that we shall never 
be iible to discover the ultimate cause of any of the various 
phenomena exhibited by nature. BeaideB, the above theory 
has lately gained so much ground with the moat distinguished 
philosophers of the age, and accords so perfectly with i3l mod- 
em discoveries in chemistry and crystallization, that it is at 
least a powerful aid to the imagination, if not of real advantage 
to science. (See Chemistry, Introduction, and Chapter IV., on 
Crystallography.) 

§ 16. According to the above atomistic theory, the 
smallest parts obtained by the mecbanical division of bodies; 
although they may absolutely be so small as to escape s^- 
sible observation, -are yet composed of several atoms. All 
BBch parts, therefore, are called molecules ; \aA by particles 
we designate such parts of' matter as have yet a perceptible 
magnitude. , 



ATTKACTtON, ADHESION, .COHEBION, TERREBTRtAL GRAVITT, 



§ 17. When particles obtained by any kind of mechan- 
ical division are brought sufficiently near each other, they 
ef ince, ia most cases, a disposition to unite again ; and, in 
general, whenever two well-polished aurfkces of any kind 
are brought in contat^ they adhere to each' other with con- 
siderable force. . 

EiiMPLE. Two drops of water unite in one as soon as they 
are brought in contact ; two well-polished glass plates, or a glass 
and a copper plate, or two pieces of wood, when brought in close 
contact, require a considerable force to be separated. Pieces 
of wood, paper, or glass, immersed in water, and then wtthdrawn, 
are foand to be aet ; and in a similar manner do water and many 
other fluids enter the interstices of wood, paper, sugar and other 
porous substances. 

To account for these phenomena, we are naturally led to sup- 
pose that there is some force or power, which compels bodies ta 
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thia mutual approach. This iiiTiHible power, which, as far as our 
observation and experience go, is difiiised throughout nature, 
is termed attraction ; and if it ie manifested in contact between 



o s{>pareDtly heterogeneous substances (as 
it mentioned), it ' " ' ' 



just mentioned), it is called the ailraciion ofadhuion, o: 
altraclion, to diatinguiah it from another kind, with which w« shall 
presently became acquainted. 

^ 18. The power of attraction, which is manifested in 
the adherence of one body to another, exists in a still higher 
degree between the particles of fAe same substance. 

Example. A board ia not easily divided intoparta ; but the whole 
board may be moved with little effort. A piece qf iron can only 
with extreme difficulty be separated ftom a block ; wheteea the 
block itaelf may be removed from its place without much exertion. I 

In general, whenever we wish to give a peculiar form to wood, 
iron,brBSB, silver, ivory, ghksa, marble, &c., wc meet with a certain 
degree of resiHtance. This, together with the force which is 
^qajred to effect the mechanical division of bodies, convinces ns 
of the existence of a certain power by which they are held 
together, and in thfir relative positions. This is another species 
of attraction, which, to distinguish it from the one described in. 
the last paragraph^is tenned the attractitm qfcohetion. 

Cohenve attractum, therefore, la manifeated between the parti- 
cles' of the tame tubetartce, whilst adhenve attraction is that 
which Dperatee between heterogeneoua substanc'es. 

^ 19. Another still more remarkable kind of attraction 
is evinced in the disposition which all bodies have to de- 
scend, in straight, lines, to the s.urface of the earth. Ejc- 
aiuples of this kind are so numerous, and of such daily oc- 
currence, that it is hardly necessary- to recur to them. Any 
heavy body, — a piece of marble, lead or stone, — suspended by ' 

a string, will stretth that string in a slight line > or, when 
placed upon a fiat surface, will ejercise upon it a coasid- -^ 
erAbJe pressure. When the string is cut, or the surface 
removed, the body will descend to the earth in a straight 
line. This phenomenon is called the failing of bodies, m 
As it does not only occur at one place, but may be repeated 
wherever we please, we'cannot account for it in any other 
way, than by attributing to the earth itself the power of at- 
tracting bodies. This attraction, which is do longer con- 
fined to the contact, but impels all free bodies t» descend 
in a direct line to the Hurfaoa of the earth, o» obubob them - - 

to exercise pressure on all bodies which prevent ttaeiii tlOIU 
following that impulse, is called the attraction of gravity. 

D,g,l.2cd|v,G00glc * 
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^ 20. The directioD in which a falling body approaches 
the surface of the earth, is termed a vertical or plumb line. 
This line is cTery where perpendicular to the surface of the 
earth, and may be exhibited by any heavy substance, sus- 
pended by a string. Lines or planes at tight angles with 
the direction of gravity, aie said to be horizontal. Inclined 
planes form oblique angles with the direction of gravity. 
Hills and mountains differ from planes, inasmuch as their 
surfaces form oblique angles with the direction of gravity. 

^ 21. Definition of the TVwij Vertical and Horizon- 
tal. Since the earth is a sphere, or, at least, approximates, in 
its shape, a perfectly round body, the direction of gravity inuet 
every where go through its centre. 
Thus if C {Fig. 3) represents the 
centre of the earth, and ab, de, the 
directions of two falling bodies, 
• these two lines would, if aufficJBnt-- 
ly far extended, meet in the centre 
of the earth. Hence two plumb 
lines, suspended at two different 
places, are not parallel, but are in- 
clined to each other by an angle, 
I which becomes larger in propor- 
! tion to the distance of the two 
places. Finally, at two opposite 
positions on our globe, represented 
m the figure by e andg', the direc- 
tions of gravity de,fg, will be dia- 
metrically opposite to each other. 
But at small distances (such as do 
jiot exceed 100 feet), the inclina- 
tion of two plumb lines is aoarcely 
perceptible, even with the nicest 
mathematical instruments, on ac- 
*■ count of the comparative great remotentss of the earth's 
centre; and, for such distances, therefore, we consider 
these lines as parallel. 

§ 22. Definition of Weight. The pressure which a 

body exercises upon a horizontal plane which prevents it 

from faJlinSi or the dsgrcc of force with which it pulls a 

string by vrliich it is suspended, is called its absolute u>eight. 

There is a great difference between grttvity and weight. 
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Gravity b in all Bubstancei alike; tbat is, all substances 
aie equally, and in the same direction, attracted to the cen- 
tre of the earth. But, all particles of matter being alike 
attracted, it follows that the pressure resultinz froia them, 
is in proportion to their number; that is, fAe MsoluleueigU 
of bodies is in proportion to their masses. 

A feather and a piece of lead are both equally attracted by 
gravity, and vould, if there were no reaiatance of air, fall to tto 
ground in the same time ; but they eiereiae very unequal prea- 
Bures on a horizontal plane. The lead contains, in the same 
■pace, a greater quantity, or more particles of matter, than the 
feather ; and, each particle receiving an impulse in the direction of 

ivity, the pressure resulting from the lead will be much greater 
that of the feather, wbatwehavo said of two heteroge- 



s; 



,s substances, would equally apply to two bodies of the hi 
■' ' ■' ■ 'aed ui ■ - • 



a- 



substance, provided they contained unequal maasee, the largest 
bulk of matter alwaja exercising the greatest pressure. 

^ 33, In order to determine the absolute weight of 
lies, we make use of a certain weight aa unity of meas- 
<ue. This may be a pound, an ounce, a drachm, Slc. 

For different bodies we use difibrent unjta of measure, accord- 
ing to the deffree of exactness required. Thus we have avoir- 
dupois weight, troy weight, apothecaij^ weight, &c. When 
we say a body weighs three pounds, we mean that its pfessure 
upon a horizontal plana is equal to the united pressure of three 
units of measure (here pounds). 

The balance, and other instruments for determining the weigbt 
of bodies, will be spoken of in Chapter IT. 

^ 24. ^eafic Qramty. It ia often of the greatest im- 
portance to know which of two bodies of the same volame, 
exercises the greatest pressure on a horizontal plane ; or, 
which amounts to the same, which of two bodies of the same 
dimensions has the greatest mass, and, consequently, also, the 
greatest density. TSec. 1.) To answer this question, we 
must either know which of two bodies, of the same volume, 
has the larger weight, or which of two bodies of the same 
weight has the atiutBer volume. In either case, we deter- 
mine the specific gravittf of these bodies ; bj which is 
meant the ^solute weight of one body compared to that of 
oHotha- of the same vohane. Hence, the spedjie gravities 
of bodies are in direct proportion to their absolute weight, 
and inversely as their cubic contents ; that is, among bodies 
of equal ndume, that is specifically heaviest whose abeoluts 
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weight is greatest; and of bodies whose absolute weights 
are equal, the specific gtaTity o£ that is greatest whose 
volume is smallest. 

T\) give an Example. Suppose two bodies, A and B, wpigh, A 
5 lbs. and B 101ba.,and that both have exactly the eame Tolunie ; 
then the specific gravity of the body B will be double that of the 
body A. Again, let us suppose that both bodies have the same 
weight, say 5 lbs., but that Uie body A is only one half as large as 
the body B ; then the specific gravity of the body A will be double 
that of the body B. 

To determine tJie specific gravities of bodies, we generally 
compare their weights with that of an equal volume of distilled 
water. But the process by which this is done being founded on 
the laws of hydrostatics, we must refer the learner to Chapter V., 
where we shall speak of the Prtarta-e and Egjiilibritaa of lAquida. 

^ 35. The attcaction of ^avity, as far as we have been 
able to trace its cause, is not located in any particular por- 
tion of the earth, although its effects are such aa would be 
produced by a single attracting point, situated in the earth's 
centre. On the contrary, it can be proved,, by the single 
force of mathematical reasoning, and even by experiments 
(as we shall presently see), that every particle of matter is 
imbued with the power of attracting others ; so that, when a 
body is thrown up into the atmosphere, it is not only at- 
tracted by the earth, but the body does also, in its turn, 
attract the earth. The reason why this mutual attraction 
does not come within the sphere of our immediate observa- 
. tion, wilt be easily comprehended from the following course 
of reasoning. 

Fix. 4. 



Let A and 6 be two bodies of difierent magnitudes, and, 
for the sake of simplicity, let us suppose that the body A 
has a thousand times the magnitude and bulk of matter of the 
body B. It ia evident that the body A will have 1000 times 
as many attracting particles as B, and, consequently, that 
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the effect produced by their united action upon B, will be 
1000 times greater than that which B produces upon A. 
Hence, if the whole distance between A and B be divided 
into 1001 parts, we may conclude that the attraction of the 
body A will" have moved the body B through 1000 of these 
parts, when that of B will have moved A only through one 
of them. The larger. body, A, therefore, will only move 
TnVr "'' ^^^ distance' of the body B, - 

Let us apply .this example to our theory of terrestrial 
gravity: — The bulk of our earth is, at least, one quatrillion, 
tiiat is, one thousand million million times larger than the 
largest body which has ever been observed to fall through our 
atmosphere. Now, supposing such a body to descend 
through a height of 1000 feet ; then, if the earth is not 
solicited by any other power, it ought to move towards that 
''O'ly ^y i i7 0oooi S88 gonnon P^^' °^ ^ *ooti which is but 
little more than, the one hundred billionth part of an inch ; and 
this motion, o^ course, could not be perceived by our sens^ 

What we have said in relation to the power of attraction which 
is inherent tn eatkpariielt ofmtMer, although established by the 
simple force of mathematical reasoning, has actually been proved 
by an experiment of Mr. Cavendish, which we are now about to 
describe. 

Tpj_ 5 " Place two heavy globee 

*■ "■ " •" oflead,M, M(9eeFig.5^ 

of about a foot and a tialf 
in diameter, at a short dis- 
tance from each other; 
between them, on a very 
sharp point, suspend a thin « 
rod, AB, which n<;st be 
balanced on its centre, and provided at its ends with two small ■ 
metallic ballB,'A, B. The position of the rod must be such that 
the attraction of the two balls may have a tendency to turn the 
rod the same way. As soon as this is done, a manilest effect 
will be produced on the rod, by the attraction of the two globes, 
inclininptbe rod to turn on Its axis, C. 

(In this experiment, great care ehould be taken to avoid all 
magnetic substances, and to prevent, as mech as possible, all 
Mctiod at the point C ; for which reason, the rod, AB, ougbi 
to move on a sharp piece of diamond, or some other hard sub- 
stance.) 

The questions might here he asked, why we do not oftener 
perceive the mutual attraction which exists between two bodiea 
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S laced at certain distaucea firom each other ; why atonea and rocks 
not move towards each other, &c. To these questions ire 
ahoald have to make no other reply than that the atttaction of the 
earth is so much stronger than that which exists between aay two 
bodies on its aur&ce, ^at it is impoasible for us to discern the 
nice operations of tiie latter, when compared to the etrilting 
effects of the former: 

^ 06. Vnie'ersal Gravitation. The principle of mutual 
attraction, which exists between any two particles of matter, 
is not solely confined to our globe. We know, from agrono- 
my, that it equally extends to the sun and the planets in ' 
our system, and to the most distant spheres and worlds. 
Attraction, considered in this sense, is termed universal 
gravitation. Sir Isaac Newton was the first who taught 
that the revolution of the moon round the e^rth. was pro- 
duced by the attraction of gravitation trom our earth, or, ia 
ether words, that the moon gravilr^ed toteards us. In the 
Mune manner .do the earth and all the planets gravitate 
towards the sun; and the sun, with all its planets, may 

fr&vitate towards a still larger body ; and it ia highly proba- 
Iv that the whole universe gravitates in this manner to- 
waids a common centre. It is this universal principle 
which gives and preservea to each heavenly body its form 
«nd orbit, which keeps its particles together, so that not a 
grain of dust can escape from its surface, which unites the 
whole of God's creation into one immeasurable whole, and 
brings order and harmony into the motion of the most dis- 
tant spheres : the Divine Author need but destroy this intbi- 
■tjle link, and nature sinks into chaos. 

Remake. Besides the three kinds of attraction which we 
have just considered, there are jet three deserving our particu- 
Itr attention. These are cheiatcal, dectric and magnelu: attrac- 
tion. Of the first of these we ahaJl speak in the Second Chapter, 
and the laws of the second and third we shall investigate, when 
' tre^ng of Magnetism and Electricity 



AOOREGATE FOBMS OP BODIES. 

^ .37. Among the infinite variety'of forma whieb matter 
' eJtalbitB to oui sensee, there are three which are most palpa- 
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bl« and deserviag of our imiDediate notice. Some bodiw 
are more easily divided in one direction than another, and 
^ffer, in general, considerable resistance to division or sepft- 
ration. These bodies, in most cases, have a peculiar Ux- 
ture; that is, their particles are arranged afler a certain or- 
der, and are designated bj the name of &oliib ; and tbe 
form which they exhibit is called the solid form, or soliditt/. 

As examples, we will mention iiiost of the metals, wood, glan, 
ivorj, marble, lime, chalk, &.C. All these bodies, when firac- 
tured, exhibit a pecnliar arrangemeot of their paiticles, and an 
generally more easil;^ divided iu one direction than another. 
A piece of wood, for instance, ia more easilj broken' ■gAinst the 
grain, than following the direction of its fibres ; a piece of glass 
is more easily fractured by a stroke perpendicular to its length 
tfaan by one applied Ui eiUier extremity. 

$ 38. The second important form of matter is ezbibiteil 
bj* those bodies whose particles are with the greatest eaae 
removed or separated. Thej seem to be destitute of any 
particular vrangement of their particles, and are, conse- 
quMillr, as easily divided in one direction as in another. 
These bodies are known by the name of fiidds, and their 
form is termed the Jluid form. 

^ 29, The fluidn theiDBelves exhibit properties so dif- 
ferent from eactrolher, tint they may again be divided into 
two distinct classes. To .the first Class belong those which 
are ^ut very tittle compressible, and in minute quantities 
form spherical driqis. These fluids are called Hgtnds. To 
the second class are reckoned those which are possessed of 
qualities directly opposite to those which we have jnsf 
named, viz. They are compressed with great facility; bnt are 
incapable of forming drops, and resume, after the compres- 
sion ceases, their former volume. These Huida are termed 
gases, and form the properties jqdt described.- Their form is * 
called the elastic or gasevas form. 

GxAMFLE9. The wKter, which surrounds more than three 
fourths of our globe, is a liquid, bi^cauac it ia compressible only 
with great difficulty, and only with very little diminution of vol- 
ume ; but in small quanlitiea it forms drops. Oil, wine, cider, 
beer, vinegar, fcc, are, for the same reasons, bodies which ex- 
hibit the liquid form. Our atmosphere, on the contrary, Is & 
gaseous or elastic sabstance, because it may be eaaily cooipress- 
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ed, uid re^Btablishes ita former Toluine when tiie comttresaion 
ceases. Compare the experiment described in § 10 and § 11, 
pages 17 end 18. To the same cla^g of bodies belong hydrogen, 
oxygen, nitrogen, aiid a variety of similar eubstancea, together 
with steam, and all kinds of vapors. 

^ 30. Aggregate Forms. The three principal forms of 
matter which wehave just consideted, and with regard ta 
which all bodies are either solid, liquid, or gaseous,* are 
termed the three aggregate forms. I rom this, however; we 
must not infer that a body which appears to u^only under one 
of these forms, is absolutely incapable of assuming another. 
Experience and daily observation inform us that solids and 
liquids become frequently transformed into elastic fluids, 
and gaseous substances beconfe again liquid or solid. 

Examples. Ice becomes imrier, and "water steam, under the 
influence of certain degrees of heat ; but steam may, by cooling, 
or in contiit with a liquid, he again chajiged into water, which, 
by the act -of freeiing, is again converted into ice. We see, from 
this, that a body, under certain circumstances, maj pSas fVom the 
solid to the liquid, and thence to~the gaaeoiia state, whence it 
may be again reduced to the state, of solidity. Nor does this 
property belong exclusively to any one substance ; on the con- 
trary, it seems to be a property common to all ; nay, it is more 
than probable that there is not a body in nature entirely desti- 
tute of the capacity of cbanging.its ag'ip'egate form. 

^ 31. Meitikg of Bodies. We have obseivedj in the 
preceding section, that solid substances often become lique- 
fied, especially when exposed to certain degrees of heat. 
This process is called the melting of bodies. Very few 
bodies indeed can resist the action of fire, or the heat pro- 
•duoed by lenses or burning-glasses; not to mention the 
means which chemical itnd electrical apparatus furnish 
for the liquefaction of solids. This has led philosophers to 
suppose, that all bodies are, in their original state, fluid, 
• whence they become solid thiouglr the loss of heat. In gen- 
eral, it appears that all matterhas at first been in a fluid state; 
and we see yet, every day, in aH three kingdoms of nature, 
solid substances form themselves out of fluids ; and the 
round shape of the heavenly bodies themselves seems to 
agree with this supposition. 

1, from their 
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^^32. Those fluids which obey the tawe of gravityi tnd 
whose weight, tiierefbre, can be ascertained, are called pon- 
derabU. To these belong air gaseous (aeriform) fluidSt 
steam, and vapors. .But there are Other fluids, riz. light, 
caloric, electric and magnetic matter, which .are either not 
at all, or, at least, (H> litSe affected b; gravity, as entirely to 
'escape our observation ; wberelbre they are called impon- 
deriAU SHbatances. 

As their theory is very complicated, we shall treat of them 
separately in the courae or this -work, devoting to each a aeparate 
olM^tec fof the iDvestigfttion of its properties. ,^ 

RbmaBk.. Some philosophers (partiealiirlf in Oermuiy) are 
willing b> consider the imponderable aubstancee u e^bitmg « 
peculiar aggregate fonn. They beheve, therefore, in ybur ^- 
gregate forma of matter,* viz. the loltd, the liqaid, the gatanu, 
and the impond/^aiilc or purely expansible form. An undenia- 
ble rela<Hin to. them is expressed in the foar elements of- Alia- 
totle — tariK, vtatar, nir, and frt, which mtj reBpeetivelj re^oCt- 
sent the solid, liquid, gaseous, an^ purely Mtpaonre fban. 

Havins thus described the general forms and [MpeftieB 
of bodies, we shall proceed, in the following chapters, to , 
consider the phenomena to which they give rise, and the 
laws to which all of them are subjected. 



RECAPITULATION. 



[^ 2.] What ia the object of natural philosophy \ ■ 

[% 3.] Which of our senses informs us directly of the 
existence of l>odies 1 

Does the organ of sight always convey a direct proof of the 
esiatence of a1)ody ? How does sound aflect us? 

') 4.] What propenies are ctHnmon to all bodies? 
at is magnitude % What do you call the mass of a b«dy t 
How do yon define impeaetr ability T 



wLV 



* 8«e Tinhoi'i FhUoaophj, edited by Dr. Aogturt, Beflin, IWF. 
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[^ €.] What IB tbe anifersal term for the infinite variety 
of bodies, independent of form, magnitude or quality t How' 
^ you define matter ? . 



Questions an the Divisibility, Porosity, Sensity, Com' 
pressibility. Expansibility, Mobility and Elasticity of 
Bodies. 

[^ 6.] What otjier properties, besides magnitude and 
impenetrability, are jet more or lesa common to.all bodies? 

[§ 7.] What do you understand by the divisibility of 
bodies, or matter in general 1 - 

Can jrou prove this geometriceJly ? 

Give instances of the extreme divisibility of bodies. 

[^ 6.1 Is .the space which bodies occupy throughout 
filled with their own substance? What do jbu call the 
places which are not filled with a body's own substance T 
'Is this a property belonging to any body exclusively % 

Is it neeewuy to euppose that pores are vacui ? How, then, 
* CBD you account for fluids entering the pores of solid substances? 

What do the poreA of bodies, or the cellular testure of plants 
KaA animals, explain P 

[^ 9.] What do you understand by the density of bodiest 
When do you call a body more or less dense in comparison 
with another t 



of bodies? 
Explain the experiment represented in Fig. 2. 

1.] What property of bodies do you call e^ansp- 



.<i|;''' 



Give an instance. 



[^ 13.] What power has every body in animated nature 1 
What is this faculty called? What do you call the uni- 
versal capacity of bodies of changing their places or rel- 
ative positions? What is the act itself of proceeding from 
one place to another called ? 
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K 13-] What do you call that property of bodies which 
eDHbles tnein to change their tform, when some exterior 
force is applied to them, but reestablish it agaia when that 
force ceases to operate 1 Does this property belong exclu- 
sively to some bodies ? 

Give esamplea of the elasticity of bodies. 



Questions on the infinite Variety m ihe material Composition 
of Bodies,. Atoms, Molecules, and Particles of Matter. 

l§ ]4.] What bodies do you call homogeneous? what 
heterogeneous 7 

[§ 15.] In what manner do some philosophers account 
for the infinite variety of substances ? What do they call 
the ultimate particles of matter T On what, according to 
their opinion, do the taste, shape, teiture, color, tc., of 
bodies depend 1 

[^ 16-], According to the atomistic theory, what are the 
smallest particles obtained by the mechanical disMon of 
'bodies yet composed of? 

Questions on Attraction, Adhesion, Cohesion, Terratrud 
Ghravity, and Cfraeilation. 

[^ 17.1 What dispositions do the particles obtained by 
the mechanical division of bodies evince, when they are 
brought in contact? 

Give exampIeB. 

How can you account for these phenomena ? What do 
you call that invisible power which compels bodies and their 
particles to that mutual approach? When is this power 
. called cohesive attraction ? 

[^ IS] la the power of attraction only manifested in the 
adherence of one body to another? 

Where does it exist in a still higher degree? 

What is that species of attraction called, which manifests 
itself by the greater or less resistance offered to the mechan- 
ical division of bodies 1 What is the principal difference 
between cohesive and adhesive attraction ? 
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[^ 19.] What other reiaarkftble kind of attraction is 
evinced by the disposition of all bodies to descend in Btra^(bt 
lines to tbe surface of the earth f Give examplea. 

What do jou call that kind of attraction which is no longer 
confined to the contact, but impels ill free bodies In descend to 
tbe earth? 

[^ 30.] Wbit do you call the direction in which a fall- 
ing body approaches Uie earth t How can you exhibit it 1 
What do you call lines or planes wjiich are at right angles 
with the direction of gravity 1 what, those which form 
Clique angles with the direction of gravity? 

[^ 21.] What inference, with respect to gra*ity, can be 
drawn from the fact that the earth is a sphere t 

Explain Fig. 3. At what distance from eacb-Other can yon 
suppose the mrecIlonB of two plnmb lines ptiallel to each other? 
Why? 

[^ 23.1 What do you understand by the absolute weight 
of bodies? 
What difference is tiiere between gravis and weight? In 

what proportion are the absolute weighte of bodiee ? Givo in- ' 

stances. ' 

[^ 23.] In what manner do we determine tbe abaolnte 
weights of bodies t ' 

f^ 24.] What must we know, in order to determine 
which of two given bodies has the greatest density T What 
is jceant by specie gravity of bodies? In what proportion 
are the specific gratities of bodies t 

Give an example. How do you determine tbe specific gravity 
of bodies P 

[^ 23;] Is tbe cause of thb attraction of gravity situated 
in any particular part of the earth J What can be proved, 
in this respect, both by experience and mathemBtical rea- 
soning? Explain Fig. 4. Explain the experiment of Cob- 
endisk, represented m Fig. 5. Why do we not oftener 
perceive tbe mutual, attraction which exists .between two 
bodies placed at certain distances from each other ? 

[^ 36.] Is the principle of matual attraction solely con- 
fined to the bodies on our globe ? What does astronomy 
teach us? What do you call the attraction between the 
sun, moon and planets of our system? What important 
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troth did Sir Isaac Newton discover,' in regard to the n 
■nd the planets 1 



Questions on the Aggrtgate Forms of Bodies. 

[§ ^-1 Among the infinite varieties in the form of 
bodies, which of them strike our aensei most palpably? 
What do all bodies possess which are' more easily dirided 
in one direction than another? ' What are these bodies 
called ? What is their form called V 

Give examples. 

\fj 28.] What ia the second important 'form of matter? 
Whafare those bodies called, whose particles are with the 
greatest ease separated or removed ? What is their form 
called ? 

[^ 29.] Do all fluids eshibit the same physical proper- 
ties 1 Into how many classes may the fluids be divided ? 
What fluids are designated by the name of liquids ? what 
fluids are known by the name of gases ? What is the form , 
of the latter called? 

Give examines of liquids. Give examples of gases. To 
what class of bodies does steam belong ? 

[^ 30.] What are the three principal forms of matter, 
according to which they are either solid, liquid or gaseous, 
called? Does it follow from this, that a body, exhibiting one 
of these forms, is, on this account, incapable of assuming 
another ? What does experience teach us in this respect ? 

Give examples. 

[^ 31.] What is ihat process called, by which solids 
are liquelied by means of heat ? Are there many solids 
which resist the action of powerful degrees of heat ? .To 
what concJusion, therefore, are we naturally led ? 

[§ 32.] What do you call those fluids which obey the 
laws of gravity ? What fluids are reckoned to those ? What 
do you call those fluids which are either not at all, or at 
least not sensibly, aflected by gravity? 

What relation do' the four elements of Aristotle bear to the 
aggregate forms of bodies, if the imponderable flnids are repre- 
sented by fire ? ■ 
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or THE PlIENOMEKA OF COHESION, ADHEHOiS, AND 
AFTINITT. 

^ 33. Method of determining the Cohesion of Bodies. 
If we suspeDd several cylindrical or prismatical rods, and 
attach to their lower ends as much weight as is necessary 
to tear them asunder, we determine thereby the cohesive 
powers of the ssbstances, of which these rods .are com- 
poaed. In the saine manner we determine the strength 
of cords, ropes, &c 

AcciirdtDr to HuischenbToefc, the power «f cohesion in difi^ 
ent mettde oecreasee m the foUoiriiig order: — 

IftOM, Jafait Copper, 

FtlfE SiLTEB, EHBI.I3B TlB, <> 

Swedish Copper, ■ Zmc, 

Fine Gold, - Ehslish Leid. 

The cohesive powers of wood rank in the following order ; — 
Oak, Elm, 

Birch, Pine. 

SIk cards are almost three times as strong as flax cords of the 
same thickness. A thread made of human hair is atronger Uian 
one of horse hair of the same thickness. The tamnc of cord- 
age diminishes its strength considerahty. Bleached thread is 
weaker than unbleached, &c. The power of cohesion, in metals, 
is aomstimea increased by moderate hammering, rolling, casting, 
drawing, &c. Some bodies- become stronger when exposed to 
the atrooephere or to heat. This la the case when their pores 
are filled with Uquida which diminiah the power of cohesion, and 
which evaporate when exposed to the air. A' compofiition of 
difierent metals is, in many cases, much atrcnger than either of 
the component parts. This we see in brass, bronze, &c.* 

^ 34. The attraction of cohesion manifests its whole 

* S«e Tobias MayeT's Elements of Nat. Fhil. ; also, Bufibn's El- 
perienoeB lur la Force des Boia ; also, Petr. t. MuBChenbroek'a la- 
trod, ad CobDrentiam Carponuo Firmorum. 
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Bftength only in absoliae coptacl, when the particles of a 
bod; have the situation given them by nature : when a par- 
ticle of maUer is once separated, this perfect contact cannot 
be reestablished by patting it again in its place ; but it will, 
nevertheless, adhere to the body with considerable force. 

We ace now able to explain the strong adherence between 
two well-poliahed plates of glass, marble, or metal, to which we 
^have allnded in § 17, Chap. I. By the act of poUshing, ail pro- 
taberances and cavities of the two flat aaiAcea, which would 
DeceMafily prevent their intimate contact, are removed, and they 
are consequently permitted to touch each other in more points 
But the more points of contact they present, the stronger must, 
neceasarily, be their adhesion ; the greater, therefore, must be 
the power reqaired for their separation. If, in the above experi- 
ment, any liquid (even water) be brought between the two con- 
tiguous aurfhces, then the contact, and, consequently, also, the ad- 
hesion between them, is considerably increased. If, moreover, 
tiiia liquid be one which, by cooling or drying, beoomes hard, then 
the adheaon can be carried to a degree which even surpasses the 
cohesive attraction be'tween the two contiguous bodies. In- 
stances of tills kind are daily exhibited in the mechanic arta. The 
processes of brick-laying, gluing, luting and soldering of metals, 
together with a varietj of other technical performances, are ex- 
irisined on tills principle. Instances of simple attraction, produced 
merely bjiniimate contact, are the gilding, silvering or plating of 
metals, the silvering of looking-glasses, &.c. 

§ 35. The phenomena of adhesive attraction are not 
Mily exhibited between particles, of the same body, but 
are equally manifest, also, in the contact of heterogeneona 
substances. Hence the attraction of adhesion is a power 
as universal as that of cohesion. 

ExnaiMENX'. TaJee some fine sand or dust, which strew on 
any of the flat hkcee of a solid body ; then turn the body gentiy, 
so that the dusty surface may face the ground ; only the heavier 
grains of dust or sand will fall off; the others will be retained 
by the adhesive attraction of the body, contrary to the laws of 
gravitf ; for it must be observed, thai, in this enperiment, the 
adhesive attraction becomes manifest only when it overcomes 
the attraction of gravity. If, instead of sand or dust, some other 
)Ktwdered aubstance be naed, sinsilar effects will be produced, 
and it will be found that the nature of'tlie body used for the ex- 
periment has but little influence upon the result 

§ 36, Infiiunce of Cohesion on the Aggregate Forms of 
Bodieg. The most striking effecta produced by the different 
modificatio» of cohesive attraction are, evidentiy, the three 
aggregate formB of bodies. That these are actnallf the 
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result of such modificatiouB, wilt be best understood by the 

fbUawing considerations : — - 

It can be mathematically proved, that the agency of co- 
hesion in a fluid, let its mass be great or small, is such that 
' it must assume a spherical form, when it is not prevented 
from doing so by other powers operating upon it at the same 
time.* This explains the formation of drops, the convex 
surface of aqueous liquids, in greased vessels, the round 
shape of the heavenly bodies, and corroborates, at the same 
time, the opinion that all bodies have once been in a liquid 
state. (See §31, page 28.) 

§ 37, From this state of perfect liquidity, matter be- 
comes gradually solid, and partakes of a certain testure by 
the attraction of cohesion acting more strongly in one 
direction than in another. This is the reason why all solids 
are more easily divided following certain directions ; for, if 
the cohesive attraction were the same in every direction, 
the effects would mutually destroy and cancel each other, 
and a body might be perfectly dense, and, at the same time, 
perfectly liquid. Hence, we may conclude, first, that the 
reason why the particles of a fluid change so easily their 
relative position, is because ikey attract each other equally 
in all directions; and, secondly, that the solidity of bodies 
originates in their particles riot being equally attracted in 
all direetions. 

Thus an animalcule moves aliout with the greatest ease in a 
drop of water, because it haS not to overcome uie cohesion of the 
liquid, but merely to Chang's the relative position of its particles. 
It is a different case when a drop is actually to be aeparated 
from the rest ; because then the coheeion of the liquid will offer 
considerable resistance. . Hence, an animalcule, though moving 
with great facility in a drop of water, finds it difficult to rise 
above the surface. Aquatic insects, needles, or small pieces of 
sheet iron, although heavier than water, do not sink until they 
are immersed ; that is, until the cohesion of the liquid is overcome 
by the separation of its particles. Between the liquid form and 
the state of perfect solidity,' there are infinite transitions, of 
which language can only designate the moat prominent Thus 

* A apbere is & body, eveiy point of wboae auifaca is at in eqnal 
distance from gae uidthe same point, called the tentre. Now, as the 
tioti of cohesion acts &oin any one point eqiullj, in a/2 directions, 
Bail; perceived tbs.t the particles of matter will be obli^d.to, 
-uranse IhemsdveB at- equal aistoDces from that point, which will 
thereftire be tlie centre of a sphere, of which the most exUeme pani- 
cles will conipose the saifkce. 



Digiiizcdt* Google 



(;bap. II.] SB4P^ or i^bus in vessels. 37 

we cftll a bod; hard, when it is di^cult to divide or Ghu^« the 
poaition of its particles i and aofl, when it posseseeB opposite 
qualities. When a body is easDy bent, but not broken, it is 
called dudiie ; and when it is easily broken, without bending, it 
ia galled firiiHe. When a body yields easily to the hammer or 
Ae rolling press, it iB called nutUerAU ; luid so on. 

§ 38. For the form of elastic fluids, we cannot account 
in any other way than by supposing that the cohesiTe attrac- 
tion between their partitiles is so small, that they are pie- 
vented from forming any regular arrangetneot ; or, What is 
still morc' plausible, that their particles are, by some im- 
ponderable fluid (probikbjy caloric), kept at too great a 
distance from each other to allow the cohesive attractioD to 
operate. 

This opioion seems to be corroborated iy the fact, that many 
gases can, by mechanical pressure, be reduced to the liquid 
state; because, by pressure, their particlcH aie brought into more 
iminedi^e contact 

§ 39. Sh^»e of Liquids in Vesseli. On account of 
the spherical form which every fluid matter neeessarifj 
assumes when SQlely acted upon by the attraction of cohe- 
sion among its particles, every liquid enclosed in a yesfiel 
ought to eriiibit a convex surface ; but as the particles of 
the. liquid are at the same time solicited by the general at- 
traction of gravity, the surface becomes flattened and almost 
horizontal. If, in addition to t^is, the liquid is strongly 
attracted by the sides of the ves^l, above the surface, then 
it will rbe around those sides, aa.6 its surface will become 
coneave. This does actually take place with water poured 
into glus or metallic vessels ; whereas qnicksilver, in vessels 
of glass or wood, exhibits a convex surface, because the 
particles of quicksilver attract each other more strongly 
than they adhere to glass or wood, and are therefore more 
at liberty to follow the at- 
*^* *■ traction of cohesion. A 

(Fig. 6) represents the sur- 
face of water, and B, that 
of quicksilver, in a glass 
vessel. A convex surface 
is also exhibited by water 
in glass or wooden vessels, lo&en t/u sides of the vessel, 
affove the surface of the water, are greased, with fat or oi);- 
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This seema to prove that the surface of liquids depends en< 
tirely upon the aJdea of the ressel, and pariicularty upon 
that portion vhich remains idrnve the liquid ; so that, if the 
afketiott of the liquid is less than its attraction to the sides 
of the vessel, the surface teill be concave; vyhile, on the con- 
trar'y, it teiU exhibit a convex surface when its cohesion is 
greater than the attraction to the sides of the vessel. When , 
a vessel is entirely filled with water, so that no pwtion of its 
aides remains above the surface, there being no Toom for 
the liquid lieing attracted by the sides of the vessel, and 
consequentlj no possibility of its assuming a concave sur- ■ 
face, we can always add a small quantity wilhout making it 
overflow, and the water, being now solely solicited by tho 
power of cohesion, exhibits again a convex surface. 

What bos just been said etiout the surface of liquids, will 
serve to eipkin a number of phenomena, some of which it will 
be easj for <be teacher to shoir to his pupils. Little balls of 
cork-wood, for instance, when thrown into a 
basin, which ia filled with water, are attracted h 
when these are greased, and covered with wiU 
repulsed by them. 

^ 40. Phenomena of Capillary Attraction. When a 
narrow glass tube, which is open at both ends, is immersed 
in water, or in any other liquid which strongly adheres to 
glass, the- liquid in the tube will rise above the surface in 
the vessel. 



irgiasa 
ta aides ; and 
ueal, they are ■ 



Fig. 7- 




The liquid in the tube will, according to what 
has . been said, form a concave surface ; that is, 
it will rise higher along the sides of the tube 
than at its centre. (See the figure.) Now, if the 
tube is very narrow (a capilliuy tube), theji the 
particles of the liquid which rise along the sides 
are sufficiently near each other for their cohe- 
sive powers to act. Accordingly, they flow in 
one, and form a little column, abed, abovo the 
snrf^e of the liquid in the vessel. Butas soon 
ta this is completed, the liquid rises again along 
,the sides of the tube, and, by a new confluence, 
forms a new column, tdef; and this process 
continues until the weight of the cohinis thus 
formed is in equilibrium with the attraction 
the sides of the tube. An ingenious ^plica- 
■"-''" '" the tapiBary ftpbm. 
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irhicb ccnaiatB of a hank of cotton thread, one end of which it 
(lipped into a veaeel which easily adheres to cotton, and the 
other end is conducted to the vessel Ui which the liquid ia to be- 
trajiBferred, A bent glass tube, of a very ecaall bore, will anawer 
the same purpose. 

^ 41. The attractioQ of a liquid to the sides of a nar- 
row tube. which is immersed in that liquid, is called co^T- 
lari/ aiiraction. The same pheDomeHon, however, ma; be < 
produced by kringitig the tube merely in contact leitk tht 
surface of the liquid. 

ExpERiHEnT. If, directly over a drop of water, you place the 
open end of a capillary tube, it will not only enter aud nse in the 
tube, but, if its weight is leas than that of a column of water, 
which, by the capillMy attraction, of. the sides, may be nitseel in 
the tube when immeried in water, the whole dn^ w£I, as if bj 
Buotion, be absorbed by the tiibe, and' continue to remain in it, 
even when the tube is moved from iu position, contrary to (he 
laws of gravity. 

^ 42. Jn trrder that a liquid shall rise in a capillary 
Atbe, the tube must be made of a. substrmee which attracts the 
larticles of the liquids stronger than they attract each other. 
["his is the reason why quicksilver does not rise in a glass 
tube, or water in a tube whose sides are greased with fat. 
But quicksilver rises in a capillary tube made of tin or lead, 
or in glass tubes which have been lined with fat or oil. 

What has been a^ about capillary attraction is sufficient to 
exidain why water and other liquids enter the interstices of solid 
substances, such as wood, sugar, lime, paper, &c. Moreover, it 
may be proved that the phenoniena of capillary attraction are in- 
dependent of the pressure of the atmosphere, as they take place, 
alw), under the receiver of an air-pump, ^n instrument which 
will be described hereafter, when treating of the atmosphere.* 

^ 43. Solution of Solid Substatices. When liquids eo- 
ter'^the pores of solid substances, it often happens th^ the 
cohesion of the particles of the solid is Overcome ;' they 
consequently lose their texture, and unite so perfectly- with 
the liqaid as to make with it biit one homogeneous mass. 

" All natural pbilosophfrs do not agree in their mode of explaining 
Uw various phenomena of capillary a'" "' ""' 
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In this case wff say, the eolHt haa been- dissolved. The re- 
■qlt of tht whole operation Is termed a solulion, and tbe 
liquid in which this takes place, its medium. 

EiAMPLEB. Sugiu', common table salt, saltpetre, and a varie^ 
of other bodies, are totally disserved in water. Hence we speak 
of a solution of augar, of salt, of saltpetre, &c., of which water is 
0ie medium. In the same manner is BUver dissolved in^itric 
wid, gold and platinum in nitro-muriatic acid, &.C. In these 
inatances, nitric and nitro-muriatic acid, respectively, are the 
mediums of the solution ; and in all these cases, the union or com- 
bination between the solid and the liquid is bo perfect, that, even 
with the best microscope, no particles of the solid are, perceptible 
in the solution. 

§ 44, Chemical Affinity. Such a solution evidently 
nquires a. strong mutual attraction between the solid and 
the liquid ; and this mutual attraction, through which tieo 
llelerogenegus subitancts combine with, or dissolve each other, 
is called affinity. This is the fourth species of attraction 
with whick we hare become acquainted. It cerates cmly 
in contact, and its effects are -aUeayt aczoMpaiaed by a Matt- 
rial change im the exterior properties «/" bodies; wheieforg 
trinity has also been defiaed to be that peculiar kind of at- 
traction tekick is only manifest in contact, and which is the 
cause of a change in tiu properties of bodies. 

Some substances combine more easily with each other than 
vith other substances: some cannot be diasolved at all, and 
ethers only after certain preparitjons, such aa heaticg, pounding, 
powderiuB', &c. The degrees of affinity, therefore, vary in dif- 
ferent substances ; but experience and observation alone can 
teach us which substances have greater affinity for one another 
than others. 

1^ 45. Point of Saturation. Most liquids combine 
only with a definite quantity of a given solid substance, afler 
which alt affinity ceases between them and that part of the 
lolid which remains undissolved. The liquid is then, said 
to be saturated with the solid, and the point beyond which 
the chemical attraction ceases to cerate is called the point 
of saturation. 

ExAHPLE. If several large lumps of sugar or salt are throifn 
into a tumbler of wateri the attraction between them and the 
water sill only operate lo a certain point, after which a conaider- 
aMe quantity of the eu^ar or salt will remain undissolved et the 
bottom of the veasel. If a quantity of pure water be now added, 
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it will dissolve a fiesh portion of the bdzht oi salt, utd, by in- 
creasing', IVom time to time, the quantity of water, we ma; finally 



solved, together with tbe deg^e of affinity which exists between 
them, has' a great influence upon the. degree of saturaUon. 
But heat does not always ftvor the diesalulion of bodies ; thus, 
although hot water will dissolve more sugar than cold water, it 
does not dissolve more common salt than water near the freezing 
point. Boiling water dissolves even less magneeia than water at _ 
the common temperature of the atmosphere. 

^ 46. Engagement — Dectmtposition, The more a so- 
lution is saturated, the less are ^e able to distinguish the 
properties of its component parts, 'fhe two substances 
which have thus combined to form a new body, are then 
said to be engaged in it ; and when, bj some process or 
other, one of the component substances is again separated 
from the solution, and made to assume its former state, we 
say, it has become free; and the solution is decomposed. 

Thus salt and water are said to be engaged in a solution of 
the former in the latter : gold ia engaged in a solution of nitro- 
muriatio acid ; silver in a solution of this metal in nitric acid, &■<:. 
" ; when a solutior 



posed to a gentle heat, all tbe water will evaporate, and the salt 
will remain in a solid state. In a similar manner ia candied 
sugar obtained from a solution of sugar in water. Gold is re- 
vived from a. solution in nitro-muriatic acid, by throwing into it a 
substance called proto-phoaphati of iron, or the acid termed 
phoiphoric acid. In aU these cases, the solution* have been 
decompoied, and the salt, sugar, or gold, have been diatTigaged, 
or,eJ/r«. 

^ 47. Chemical and Mechanical Division — Chemical 
Compounds and Ingredients.- We have now, become ac- 
quainted with another kind of division of bodies, diSer.eot 
from thatJTmentioned in § 7, page 15. We have learned 
that a homogeneous substance, in which, by the best micro- 
scope, no dissimilar particles are perceptible, may yet, by the 
influence of heat, or by the addition oha'tlyrd body, be di- 
vided into parts possessing apparently heterogeneous pri^>er> 
ties. This is cdied a chtmicat division or separation. The 
parts obtained by it are said to be the ingredients or lompo- 
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ami parts of the body ; and the body itsett ia said to be a 
eompovnd or these ingredients. 

In the example given in the preceding section, the aaluUou of 
salt is a compound of salt and water, and the s^t and water are 
the ingredients of the solution. Gold and nitro-muriatic acid are 
the ingredients of the solution of gold, and the solution itself is 
composed of these ingredients. 

The mechaitioal division, alluded to in ^ 7, consists in 
•epurating the particles of a body, bj the application of some 
external force, without changing the nature or properties of 
the, body. To this kind of division belong the cutting, grind- 
ing, and pounding of solids, wire-drawing, pouring out of 
liquids, &.c. The parts or particles thence obtained have 
a[^arentl; yet the same properties which they had before 
the separation ; vad for this reason they are called the intt' 
graf parts, because they differ from each other, and the boi^ 
fiom which they are obtained, merely in magnitude, and not 
in substance. 

^ 48. Nearer and Remote Ingredients of Bodies. When 
a body has been chemically separated into two or more in- 
gredients, it frequently happens that these ingredients are 
QiemselfeB compounds, which, in their turn, are again capa- 
Ue of decomposition. In this case, the component parts of 
the first diTision are called the itAmediale or nearer ingredi- 
ents, and those which are obtained by the further decompo- 
sition of tliese, are called the more remote ingredients, of the 

&SAHi>i.B. Saltpetre is a compound of nitric acid and potAsh; 
but nitrie acid may again he decomposed into two gubatances, 
ciJled nitrogen and oxygen, and potash is a compound of a metal 
called potassium and oxygen. Hence nitric acid and potash are 
the nearer, and oxygen, nitrogen end potassium the more remote, 
ingredients of saltpetre. Again, the well-known salt of Gtsuber ' 
may be decomposed into sulphuric acid and soda ; but the former 
may again be decomposed into sulphto and oxygen^and the lat- 
tef into a metal called sodium and osygen ; hence sijphuric acid 
and soda are the nearer, and oxygen, sodiam and sulphur the 
more remote, ingredients of Glauber's salt 

^ 49. E/emv(?Vwiien the chemical divisiotf of a 
body has. been carried so far that tlie last ingredients can no 
longer be decomposed, we say that we have arrived at the 
ultimate principlex ofwhich the body was compounded ; and 
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tie siAtla»£es wki/:h tee are no longer ce^p(Ak of deeomriosing 
are termed elements. 

We must not infer from this, that a body, which is termed 
an elemoflt, is, by its ttature, incapable of further decomposi- 
tion ; the term " element " is only indicatiye of the state of 
our knowledge with regard to those substances, and our ina- 
bility to decompose tbem ; but they may for all this be com- 
pounded of two or more ingredients, which, at this stage of 
the science, we are- unable to detect. Thus water was con- 
sidered an element till about sixty years ago, when it was 
deeomposfid into two gases, hydrogen and oxygen, which 
are therefore the ingredients of water. Atmospheric air 
was for a long lime considered as an element, until the dis- 
covery of nitrogen and oxygen proved that it is principally 
composed of these two substances. The alkalies, potash, 
Roda, &c., were, until of latd, considered as elements ; hut 
each of thera is nowproved to be a coinbinatioli of a distinct 
mMoI with oxygen, and the same is the case with the earths. 
These exam[jes wiU suffice to show the extreme caution 
with which it is necessary to proceed in the natural sciences, 
.and the care which we must take not to confound our opiK- 
ioHs of ^ings with the facts on which those opinions are 
founded. 

^ 50. Cry^amzation. When a body passes slowly 
from the liquid to the solid state, that is, when, from a state 
of solution, it becomes gradually converted into a solid, then, 
in most cases, its particles arrange themselres with great 
regularity and symmetry, exhibiting generally complete 
mathematical figures. These figures are called crystaii, 
and the process itself is termed that of er^staUixatiort. 

Examples. We have already observed (^ 46.1 that by slowly 
eraporating a solution of common salt, the salt will be reproduced 
in B solid state. If the little particles thus obtained ere now 
carefully examined, they wilj be found to form regular four-aided 
pyrami(58 or cubes : these, therefore, are lie crystals of common 
salt, ff a aolujon of Epsom salt be treated in the same manner, 
colorless four-sided prisma are obtained, which are therefore 
the crystals of Epsom salt- In a similar manner may sal^trs 
becmt^zed.into regular six-sided prisms^ sulphUe of lime 
. into flgi^woblique prisms, &c. . 

The crystttlliaation of bodies iS the manifest result of the un- 
disturbed action of the attraction of cohesion ; because, when 
the solution is shaken, or when Ute temperature is suddenly in- 
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creuwd or dinuntshed, no such symmeliieal (bnna are produced ; 

an irregular masa, or misahapen irregular bodiea, are the result 
of the operation. For the peculiar properties of cryBtala, and 
the different theories respecting them, aee Chemistiy, Chap. IV. 
on CryBtallographf. 

The theory of chemical combinationa and decompoaitiona 
waa, gome years ago, considered as a part of natural philoe- 
ophy J but it has sino^ become eo complicated and extensive, 
that it was neceaaary to treat of it separately, under the head of 
Cheaaalry, as a distinct branch of the natural sciences. 

We ahall proceed, therefore, to consider the Ioibb of motion, 
or the ■mtchamcal properitea of matter, and reitr the learner ibr 
the above theory to our treatise on Chemislry. 



RECAPITULATION. 

QUKBTIONB FOR REVIEWING THE Ml 



[§ 33.] By what methods are the cohesive powers of 
sol ia substances determined 7 How is the cohesive power 

of ropes determined T ~ 

Can you tell me the order in which the power of cohesion 
decreases in the principal metals ? Can you tell the same order 
with regard lo wood ? Which of two corda of equal thickness 
is stronger, one made of silk, or one made of flax P Does the 
tarring of cordage increase or diminish its strength? Is 
bleached thread as strong as unbleached thread? What means 
have we to increase the power of cohesion in metals? In what 
cases do bodies become etronger, when exposed to the atmos- 
jiiere, or to heat? 

[^ 34,] When does the attraction of coheaion manifest 
its whole strength only ? What takes place when the 
particles of a body once separated are again brought in con- 
tact with each other T ^ 

What phenomena doea this explain? How are the processes 
of bricklaying, gluing, lutingj soldering, explained ? 

[^ 35.] Are the phenomena of cohesive attr4H^p^on]y 
exhibitetl between particles of the same substance 1 What 
conclusion do we draw from this T 

Explain the experiment described in § 35. 
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What is the form which evn^ mua would afpurae if solely 
obejing the law of cohesion of its putides ? What doea tbia 
ezplain ? 

[^ 37.] What is the reaaon that bodies, from a atate of 
fluidity, become gradually solid, and partake of a certain 
texture 1 What would be the caae if the cohesive attracljon 
were the same iu all directions "! What inferences may be 
drawn from this 1 ■ 

Why does an animalcule find it difficult to rise above the sur- 
face of wtter ? Why do aquatic insects, needles, or small pieces. 
of sheet-iron, not sink until thej are immersed? 

Wbendoyovcall abodyfuird? Whonsq/1? When ducftfa* 
When hriilU7 



By what facts is this opiniwi corroborated ? 

.[$ 39.] What form ought every liquid, enclosed in a ves- 
sel, exhibit, on account of the spherical form which it has 
when solely Acted npon by the cohesive attraotioa of ita 
particles t Btit what takes ^ace in consequence of the at- 
traction of gravity ? What, if, in addition to this, the liquid 
ia BtroDgiy attracted by the sides of the vessel 1 

Give instances of both. When does water exhibit a convex 
surface in gloss or wooden vessels? What does this aeemto 
prove ? Why can we always add a small quantity of a liquid to 
a vessel which is already filled with that liquid, without making 
it overflow ? 

What other pheiKHnena are explained on the same principle ? 

..[^ 40.] What lakes plact when a narrow glass tube, 
which is open of both ends, is immersed in teater, or in any 
other Hquid wkteh strongly adkerts to glass ? 

Explain Fij. 7. 

What ingenious application has been made of this kind of at- 
trocUon P 

f^ 'IWI What do you call the attraction of a liquid to 
the sides of a narrow tube, which is immersed in that 
liquid 1 ' la the actual immersion of the tube in the liquid 
necessary to produce the phenomena of capillary attrac- 
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tion 1 By what other meana may the same phenomena be 
produced 1 - ' 

Describe the experiment — 5 41. 

[§ .43.] What are the conditioits in order that a liquid 
may rise in a eapiUary tube ? What does this explain T 

Are the phenomena of capillary attraction dependent on the 
preaaute of the atmoaphere P Hon- has thie been proved? 

[^ 43.] What does often happen when liquids enter the 
pores of solid substances 1 When is a solid body said to be 
dissoited? What do you call the result of the whole opera- 
tion T What the liquid itself 1 

[^ 44.] What do you call that mutual attraction by 
which ttoo heterogeneous bodies combine teith, or dissolve each 
other? By what are the elTecta of chemical attraction or 
affinity . always accompanied I How, therefore, may- you 
define affinity 1 

Is the degree of affi^ty for other substances the same in all 
bodiea? 

\% 450 When is a liquid said to be saturated with a 
solid t What do'you call the point of s<Uur^on ? 

Give examples. 

What may we infer firomthis? Does beat n^wo^f favor the 
solution of solida ? Give instances where it does not 

[^ 46.] What are the two substances said to be, wBich 
combine mutually to form a new bodj'? And what do we 
call the body, which, by some process or other, becomes 
again separated from the solution'? What is the solution 
itself, in this case, said to be 7 

Give examples. 

[^ 47.] Can you now explain what you understand bjr 
the chemical division or separation of bodies T What are 
the parts obtained by this division called} What is the 
body itself called T 

What are salt and water the ingredients of? IVhfil J^il and 
nitro-muriatic acid ? 

Id what does the mechanical division of bodies consist t 
Give instances of this kind of division. What properties do 



Digiiizcdt* Google 



CajtP. U.] BECAPITDLiTKW. 4? 

the smalleBt ^arti^les obtained by this kind of divisbn yet 
possess 1 What are th^y, foi this reason, called ? In what 
respect only do they differ from the body from which they 
are derived t 

[§ 48.] What do you understand by the nearer or imm«- 
diate ingredients of a bodyl - What, by the more remote 
ingredients of a body ? 

Give an example. 

[§ 49.J When do we say we hare arrived at the vltimate 
principles of which a body is composed t What are thoie 
substances which arena longer capable of further decompo- 
sition calkd 7 

Does it fbllow that, because a body ia called an element, 
it is actually incapable of further decomposition 1 What, 
then, does the word element indicate 1 

Give examples of bodies Which were formerly taken for 
elements, but are now proved to be compounded of other 
principles. 

[^ 50.1 In what manner do the particles of most solids 
arrange themselves, when slowly passing &om a stat6 of so- 
lution to that of a firm substance ? What are the regular 
figures thus formed called 1 What is the process itself 
called? , 

Giue exatjiplea of the crystallization of bodies. What is the 
crystallization of bodies the manifest result of? ^ Why ? 
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CHAPTER III. 

THEORY OF EQUILIBRIUM AND MOTIOH OF BODIES. 



§51. Absolute Place, Situatiim,Motimn>f Bodies. Everj 
body exists somewhere in space. This is called its absolule 
plac€ or position. Bj comp&ring it with tbe place of other 
bodies, we are led to tbe idea of situation or relative posi- 
tion. A successive change in tbe position of a bod; or ila 
particles is called motion. 

Absolute motion cannot be perceived throQgh the medinno ot 
our senses: we merely conclude that a motion has taban place, 
when a body has changed its position with regaid to others, 

Examples. Id detennining the place of a city or port on our 
globe, we find how maDf degrees it is removed irom the equator, 
and how many degrees east or west of tha meridian of Qree»- 
wich ; that is, we determine the latilvde and hngilwk i^ tbe 
place, which is referring it to the distance from two fixed lines, 
the equator and the meridian passing through Greenwich.. In 
determining the position of a minor place, we reierit to a certain 
distance soath, north, east, or west of a city. The place of^ 
house is referred to a street ; the 'place of a room in a house 
by its relative position in the first, second, or third floor, occuj^- 
iag the esst, south, north, or west comer of the house. An ob- 
ject in the room is referred to its distance from the walla or ceil- 
ing, &c. But we know nothing of the abaolute position of the 
euth itself; for although we may trace it to its distance from 
the sun, yet the position of the son himself, with regard to the 
fixed stars, is not known. - ■ 

That oifolufc motion does not come within tbe reach'of 
our senses, is evident from a great number of facts. Thus 
a person sitting In the cabin of a vessel- does not perceive 
the rapidity of Ms motion, because ho shares it in common with 
all the objects around him; but when on deck, he may, from the 
apparent motion of the water, judge of the swiftness with which 
the veasel is sailing. The immense velocity of the diumsl ro- 
tation of the earth, or its leVo.lution round the sun, is not per- 
ceived, because all things around us share in it, and it would have 
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thest 

^ 52. The State of a Body in tehich it coiUinuts without 
Motion or Change of Position, is tenaed Iht State of Q,viKfh 
CBNCE, or of Rest. This, as we shall presently see (^ 58), 
ia the state in which e^eify body perseTerea, until, by some 
. cause or other, it is compelled to change it tor that of motion. 
^ 53. Way, Orbit. When a body is in motion, we con- 
sider it abstractedly as a mere point, which approaches oth- 
ers, or removes from' th<em. Hence we say, the body de- 
scribes a line, which is its way or orbit. This may be a 
straight or a curve line, according as. the moving body con- 
tinues in the same direction or changes it continually. 

Thus, when the body A (Fig 8.) moves from A to B, 
we say it describes the line AB. 



Fif.8. 



o 



^ 54. Time. Every kind of motion requires time ; be- 
cause a body cannot, at once, bein two points of its orbiL 
We measure time by years, months, weeks, days, hours, 
'minutes, &.c. 

J 55. Velocity., When we compare the dme which a 
y needs to move from one plac« to another, with the di^ 
tance which is between them, we form the idea of vehcity, 
which is estimated by the space which a body goes through 
in a certain time (a minute, a second, &c.). Of two bodies 
which are in motion, that is said to have the greater veloci- 
ty, whichj in the same time, passes through a greatei space. 

Example. If two bodies, A aqd B, have 1>otb been moviBg 
dnrine the time of 5 minutes, and A ha? gone through the space 
of 100 feet, but B only through 50 feet, then the velocky rf 
the body A was -i(Ltt = SO feet per minute ; whereas that of the 
body B was only iji ^i 10 feet. Hence A has moved with doubte 
the velocity of B. 

§ 56. Uniform, Accelerated cmdJtetarded Motion. When 
we consider the velocities of bodies, we call their motion 
uniform, accelerated or retarded, according as the spaces 
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gone through, in equal times, are equal, or become succes- 
sively greater or smaller. 

Thus the motiaQ of a body, A, which has passed through the 
space of 50 feet in 5 minutes, is said to have been unijorm 
when it has described lOfeet in each minute. But it would hare 
been acctterated, if it had passed through 4, 6, 8, IS, and 20 feet, 
duiingthe first, second, third, fourth, fifth, minutes respectively. If, 
on the. contrary, it had moved through the space of 30 feet m the 
first minute, 12 feet in the second, 8 in the third, 6 in the fourth,' 
and 4 in the fifth minute, its motion would have been a relard- 

§ 57. Action and Reaction of Bodies, When a body. A, 
is in motioD, it baa the. power of moving auotlier body, B, 
which is in its'way, or at least to change its motion. When 
this takes place, we say the body A has imparted motion to . 
the body B. While it is thus acting upon B, a part of its owh 
force or motion is destroyed. This is calle-i the reaction of 
the body B upon A. Now, as the force of the body A can 
be diminished only as far as it finds resistance in B, it fol- 
lows that ac/ton onc^ reaction are egital to one another ; that 
ia, A loses as much of its own force, as it imparls to B. 

For an illustration, let us consider the folio wing experiment : — 
Fis. 9. 

Q-^^ee- V 

Let A and B be two heavy, equal masses, which we will aup- 
pose to be perfectly unelastic. Let B be quiescent, and A mov- 
ing from A to C with a velocity 10. After the impact in E, the 
two bodies A and B will both continue their way towards C 
with the velocity 5.' B will have received 5, and A have lost 
5; consequently, the action of A upon B was equal to the reac- 
tion of B upon A, A having lost u much as B gained. 

§ 53. Every motion, as well as every change of it, in 
velocity or direction, must proceed from a cause or power, 
which, by soliciting the body, produces this effect, 

Wilkout such a cause, every body in nature would remain 
in the state of rest or motion once assumed. This univenal 
principle is termed tib inebtI£. 
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The first part of our piopOBition implies nothing else 
than that no body can, from a state of rest or quiescence, 
roluntarily change its place or position. This is indeed 
self-evident, and the result of the most universal human 
observation. A body capable of changing its position by 
virtue of ils own mill, is an animal, endowed with a vital 
principle, which is altogether undetinable, and, in all prob- 
, ability, distinct from matter. Neither i» the locomotive 
power at an animal seated in any particular muscle or 
limb : it belongs lo it as a whole, and perishes with it by its 
death. But the more special object of the natural philoso- 
pher is, the investigation of the properties of lifeless or tn- 
animaU matter, or those qualities which belong to bodies 
independent of any power which gives them life, or a pecu- 
liar orgcmization. . Here, the most universal phenomenon 
which presents itself to our eyes is, that no thijig can change 
its position without a cause. Place a book on a table, and 
let it remain untouched ; you will find it there after years, and 
if the house itaelf is not removed, no one can dpubt but 
that it will remain there forever. No period can be put to 
the continuance of sn inanimate body; at the place where 
it once is, or the position it has once assumed. Not the 
smallest particle of matter, not an atom, is removed from its 
place without a sufficient cause. But perhaps it is not quite 
so easy to understand the second part of our proposition, — 
that eeery body once in motion conlinties in it until some 
other cause or pomef sets it at rest. For this purpose, let 
UB,.for a moment, consider whether a body which is once in 
motion, stops ef its oum accord, or whether the gradual de- 
cay of motion to which every body is subjected, is the result 
of Bome impediment, which it finds on its way ; and which, 
by acting upon the body, arrests its velocity, or renders it 
quiescent. When a stone is rolled upon the ground, the 
roughness and irregularities of its surface, as well as those 
of the ground, will soon arrMt its motion. Change the 
stone for a baJl, and it will roll much longer. Substitute, 
now, a steel ball highly polished, and move it along a well- 
polished steel surface, and the smallest motion communicat- 
ed to the ball will last for a very considerable time. 

It is obvious, that, in these successive experiments, the 
impediments opposed to the motion of the body consisted 
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in the uoeveoness of tfae surface ; for in proportion as this 
was removed, the motion continued longer. But this ob- 
■tacle to motion, which is termed friction, is not the only 
obstruction to it. There is jet another cause for the dis- 
continuation of all motion on the surface of our globe i this 
is the resistance of the atraosphere. Of this, daily observa- 
tions and repeated experiments furnish sufficient proofs. If - 
an umbrella be carried, 'on a calm day, with its outside- 
against Ibe direction you are moving, yon will expsricnce a 
resistance to your motion which will increase in proportion 
as you are, increasing your speed. The same impediment 
will be offered to an animated body, moving in any direc- 
tion you please ; and the subsequent diminution in motion 
will be proportionate to the velocity of the body, and the sur- 
face presented to the air. A top will spin several hours in 
very rarefied air ; a pendnlum will swing a whole day un- 
der the receiver of an air-pnmp from which the air has been 
exhausted ; and if the same pendulum moves on a diamond 
point, so that the friction is very small, it will swing nnin-' 
lerruptedly for many days. Now, all these facts would serve 
to establish the doctrine of inertia, if it Were not evident from 
the force of reasoning alone. For, to suppose* that a body 
can diminish its velocity by a single inch per second, is tbe 
satne as supposing that it has an innate power to reduce, 
tn the outset, the velocity of an itich to the state of quies- 
cence, which is just as absurd as the- supposition that from a 
state of perfect rest it can give itself the velocity of an inch. 
Other ErperitiaTila and Factg,'pnnnng the Correctness o/the Theo- 
ry of inertta. When a loaded wagon, which is in motion, is to be 
stopped, the horses have to exercise the same power which is ' 
necessary to back the vehicle if it were at rest. If a person is 
running- do vrn a hill, he cannot voluntarily stop at the foot of the ele- 
vation, but is obliged, from hia body having once acquired a certain 
velocity, to run a considerable distance before he can render hia 
body quiescent. Tf a passeneer leaps from a carri^pe which is 
rapidly drawn, he will fftU to 3ie ground in the direction in which 
the carriage moves ; because his body, retaining the motion im- 
parted to it by the carriage, is still impelled in that direction, 
whilst his feet are retained on the ground. When a heavy wag- 
on is to be set in motion, Che horses find it difficult to start ; but 
when tJie vehicle is once in motion, notJjing but the friction of 
the wheels on the ground is to be overcome, and the horses are 
seen to draw the load with 'apparent ease, and without much 
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muscular exertion. A gre^baund, purauiag a hue, altboiuh 
moving with much greater Bwiftness than the hare, finds it diffi- 
cult to overtake her ; becauae the hare frequently changes her 
course, when the greyhound, having' acquired a rapid motion in 
the former direction of her course, is imtsistibjy impelled tocon- 
tiDue in it for several yards, until he is able to check liis speed, 
and begin the pursuit on her new course. 

^ S9. Wiiatever produces, or tends to produce, a change 
in the state of a body, or its pnrticles, with regard to motion, 
ia called ^ force. When a body is acted upon bj a moving 
&rce, we aay the body has received an impulse, which will 
always give it a tendency to move in a straight line. Thus, ' 
in the' example (§ 57), the body A must have received 
an impulse in the direction A B. 

The principal moving forces in natnre are, 

1. The universal attraction of gravitation. (Chapter I. 4%) 
' 2. The attraction of gravity. (Chapter I. § 19.) 

& Chemical attraction, or affinity. (^ 44.) 

4. The sinews and muscles of men and ammals. 

5. The elasticity of steam and gasee. 

6. Magnetic and electric attraclion. 

§ 60. Time required for imparting Motion. The im- 
parting of motion requires time. This, may be shown by a 
variety of experiments. 

One of the simpleaC is to place a heavy substance, say a piece 
of copper, on » smooth horizontal surface, which covers a vessel 
of sufficient diameter. When the cover is suddenly removed, 
without changing its boriaonta! direction, the copper will fall into 
the vessel { which could not be if the motion communicated to 
the cover were, at the same time, transmitted to the copper 



§ 61. Uniform Motion. It has be^n stated before, that 
a body is said to be in uniform motion, when it passes 
tbrongh equal spaces in equal intervals of time. I'Voat 
this ^fnition it follows, that the spaces described by two 
bodies in uniform motion, arc in proportion to their velocities, 
wkf the times are the same, and in proportion to the time$, 
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when their velocities are equal. ThuB, of two bodies in uni- 
form motion during the same number of minutes or seconds, 
that which baa the greatest velocity will pass over the great- 
est quantity of space ; and if the velocities are equal, that 
will describe the greatest space, which moves during the 
greatest number of minutes. 

Suppose two bodies, AandB,have been in uniform motion, AS, 
and B 10 aeconds. A has gone through 100 feet,B through 50. 
Then A's velocity is J.^a ^ 20 feet per second, and B'a 4J ;= 5 
feet per second. Hence A's velocity is to that of B as 20 to 5, 
■ or as 4 to 1. . 

^ 02. 7% space described &y a iodyin imj/orm matiott, 
may hefmmd by tKuttiplytng the number. of minutes, seconds, 
^c, it has been in motion, by its velocity, expressed in the 
number of miles, rods, fett, ^c, it passes over in a unit of 

To give an example ; If a body has been in uniform motion 
dunng 15 seconds, witb a velocity of three rods per second, none 
will doubt, that the space over which it passed is equal to three 
times 15, or 45 rods. 

^ 63. From the principle eetablished in the preceding 
paragraph, we may immediately draw the following two 
inferencea : — ' 

I. The spaces described by two bodies in uniform no* 
lion are in proportion to the product of the times, mvlti-., 
plied by the velocities ; for these products give the spaces 
over which they passed. Then, if two bodies, A and B, 
have been in motion, A during 10 seconds, at the rate of 
6 rode per second, and B during 5 seconds, at the rate of 
4 feet per second, the spaces described by these bodies 
will be in proportion as 60 to 20, or as 3 to 1 ; because 60 
and 20, respectively, are the products obtained by multiply- 
ing the times of their motion by their velocities. 

% The velocities of two bodies in uniform motion are in 
proportion to the spaces divided by the times. 

Thus the body B, in our last example, which has pasBed> 
in uniform motion, over a space of 20 rods in 5 seconds, 
has evidently had the velocity of 4 rods in 1 second, 
which is the quotient of 20 divided by 5 ; whilst A, which 
has passed over 60 rods in 10 seconds, has moved with the 
velocity of 6 rods in a second, which is the quotient of 60 



Digilizcdt, Google 



CRAP. III.] . HOMENTUM OF BODIES. 55 

by 10 : conseqaenti; the velocities of these two bodies are 
as 5 to 6, or, which ia the same,' aa ^ ia to f g.* 

§ 64. Momentttnt of Bodies. — Every body in motioit 
has the power of communicating motion to another body 
(^ 57^. The degree of that power must necessarily depend 
upon Its mass and velocity. Of two bodies which move with 
(lie same velocity, the greatest power will be exercised by 
the one which has the greatest mass or bulk of matter ; and 
if their masses are the same, the greatest efiect must be pro- 
duced by that whose velocity is the greatest. 

J I 6ti. From this principle we infer, that the power of a 
g in motion is measured by the product of its mass into 
itt veiocity. This product ia generally called the numteniun 
of the body. Foi an illustration of thie piinciplei let us 
compare the power of a cannon hall weighing 34 lbs., and 
whose relocity is 06 feet per second, with that of an IS 
pounder whose velocity is 130 feet per second. The mo- 
mentum of the former is 96 multiplied by 34 =: 3304, while 
that of the latter is 130 by IB x= 2160; consequently the 
effects produced by these balls are in the ratio of 3304 to 
3160, or, which ia the same, as 16 to 15. 

We see trom this that a smaU body, by virtue of its vdoe&y, 
Biay have as great a momcntuin, and consequently prodoee aa 
great 'an effect, as a heavy body, viitha comparatively imoll velo- 
ci^. Thus a body ireighing but one ounce, with a velocity eqvud 
to 17930 feet per minute, would produce live times the 
etfect of 1 cwt irith only tiie velocity of two feet per min- 
ute. The momeni-um of the former would be 1 multiplied by 
17920, and that of the latter 1793 multiplied by 2 (because 
1 cwt. equals 1792 ounces). Hence the effects produced by 
them on auv body they meet on their way, irould be as 1793Q to 
3584, or, which is the same, as 5 to 1 (17930 being equal to five 
times 3584). 

■ If S, V, T, reepeolively, denola the space, velocity, and time of 
<me body, and i, v, t, respectively, denote the apace, velocity, and 
tiine of another ; then vre have the proportion 
S : B^TXV ; IX v; 
and, dividing the firrt &nd third terms of Ihii proportion by T, and 
tbe second and fourth by t, we obtain easily 
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This example shows the suiprising inflnence of velocity upon 

the momentum of a body. A. still more striMng instance of thftt 
influence ia the fact^that it is possible, with a tallow candle, to 
shoot through a board of considerable tiiickness. 

§ 66. From what has been said, we may likewise infer, 
that the power tohich is requisite to impart to a bo3y a cer- 
tain velocity, must be in proportion to the momentum, that 
:s, to the product of the mass oj" the hody, hy the required 
velocity. Thus a power equal to 3000 lbs. is required to 
impart to a mass of 100 H>a. the velocity 20 ; because 100 
times 20=2000 ; or, in other words, the power which would 
impart to a mass of 1 ]b. the velocity 2000, will. impart to a 
mass of 100 lbs. only the velocity 20. 

A much greater quantity of powder is necessary to impart 
to a cannon ball the velocity of a common musket or rifle 
ball. A much greater velocity must be given to a soft sub- 
stance, to cause it to enter into a solid body (as, in our above 
example, the tallow candle into a piece of board), than is 
necessary lo impart to a piece' of iron or. steel, to produce 
the same effect. To an ounce the velocity 1792 must Jw 
imparted to give it the same momentum which the velocity 
would give to 1 cwt, ; because 1 cwt. equals 1792 ounces. 
On the contrary, a very small velocity may produce an 
enormous momenium in a Urge, heavy mass. The small 
velocity with which a burthened ship approaches h pier- 
wall or wharf, will crush a boat, or small crafl whic-h may 
h^pen to be in its way. In general, in order that two 
bodies, A and B, shall have equal momenta, their velocities 
must be in the inverse ratio of their masses ; viz. the greater 
the mass, the less velocity is required, and vicb versa.* 

§ 67. Uniform- Motion. — In order thai a body should 
move with uniform velocity, it^is necessary that thepowei' 
which sets it in motion, should cease to operate the moment 
it has imparted that velocity. Then, according to the law 

" If M,V, B, resReolively, stand for the momentum, veloci^, and 
Diilk, or mftss of one body, and m, v, b, rospectivBij, Bland tor tha 
moinentiini, velocity and masa of another, 'then lUe principleB con- 
tained in ^ 65 and § C€ may be expressed mathematically in tlia 
following manners — 

Mim :: Vx B^ vxb; uid 
..Mm 
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of inertia (see ^ 58, page 50), the body would continue to 
moTe in a straight line, with the same velocit;^, tintil, by tbe 
operation of some new cause, its motion ia either changed 
or entirely arrested. Instances of this motion have already 
been giv^i under the head of Inertia. 



§ 68. Definition of an Aecel^ating Power. If the 
power which seta, a body in motion continues to operate in 
the same direction, during the following intervals of time, 
it must necessarily continue to increase the Telocity of the 
body. Such a pioweT is then called an aeeeleratiitg power; 
and the motion resulting from it, an accehraUd motion. 

^ 69. Uniftntnli/ Accelerated Motion. If the velocities 
thus impatted increase in proportionto the times, that is, if 
an equal increase of velocity corresponds to equal intervals 
of time, then there will result an umfoTTtdy aceelerated mo- 
tion ; and the power which produces it is termed a tftit/ornt- 
Iif accelerating pmoer. 

^ 70. The most remarkable uniformly accelerating 
power, and that which more or less influences all mechani- 
cai operations in nature, is gravity. (See ^ 19, page 21.) 
It will be proper, therefore, to begin with investigating ita 
laws ; it being understood, that the same principles will hold 
true with regard to any other uniformly accelerating power 
we may find in nature. 

^ 71. Granity is a uniformly operating Force. To 
satisfy yourself of this truth, you need only take a stone, or 
any other heavy substance, and place it upon your hand ; 
you will not feel any successive 'jerks, but one continued . 
pressure. Besides, even if there were intervals in the opera- 
j tion of gravity, they could not, on account of their extreme 
minuteness, lifiect its laws ; much less become the object of 
onr senses. 

Thus every body, which is prevented from fUline to the eetfui, 
exercises b continued pressure upon the plane or basia on which 
it rests, or which prevents it from foiling. This preMure haa 
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manifeBted itaelf unmtem^dly, and in the tame degree, during 
the loDgeat periods of humui observation ; tuid it cannot, there- 
fbre, be doubted but that the force of gravity, of which this presa- 
ure is the eSect, operatea in the aamc manner. 

§ 72. Lmos of Falling Bodies. The four principal laws 
of fallmg bodies, and which are applicable also to every 
other uniformly accelerated motion, are these : — 

1. Tht final velocities are in proportion to the times i that 
19, if the velocity, at the beginning of tlie first second, is 1, it 
mil be 2 at the beginning of the second, 3 at the beginning 
of the third, and so on. 

Thifl law is erident from the vfiry dpfinition of a uniformly 
accelerating force ; for as it operates in every Buccessive inter- 
val of time, it must of course add, in each interval, a now impulse 
to the body ; HO that, if a body has been in motion during the in- 
tervals of 1, 2, 3, 4, 5, &.C. seconds, its corresponding velocities 
will have been 1, 2, ^ 4, 5, &c. , 

2. The space described by a free falling body (or any 
other body moved by a unifornily acceleratihg power) tn a 
certain time, is always equal to the space through -which it 
wotiid hafe passed, had it moved uniformly with half the 
final velocity. Thus, if a falling body has, at the end of a 
certain time, the velocity 6, then the space through which 
it has fallen, is equal to that through which it would have 
gone, had it all that time had the uniform velocity 3. 

Fig'. 10. To understand this principle, we need only consider 
that every increase of velocity causes also the falling 
through a proportionally greater space. Moreover, it is 
— aily perceived that, at the end of fi«ri/a given,interval 



11 only b( 
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as great as at the end of the ichole interval, 
lows from the first principle, that the final velocities a 
as the times. Now, although the body does not through- 
out fall with half the final velocity, yet the effect is the 
same ; for what, duringihe first half interval, it needs to- 
wards it, is made up by the successive gains during the 
second half interval, which propel the body as much 
beyond the middle velocity, bj9, during the first half in- 
terval, it fell short of it. For an illustration, let us sup- 
pose ibat a body has fallen from A to B. (See the figure.) 
Then, according to what has been said,* its velocity, 
when arrived at the point c (half of A B), will be one 
half of what it is in B ; and when arrived at d, it will be 
as much greater thin at c, as in 6 it was less than the 
middle velocity,; because b and d ere ei^aaJly distant 
from c and B respectively. 
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3. The spaces through lehich a body , failing or wumtng 
with umjorrajj/ accelerated velocity, passes, in a succession 
of equal intervals, are in proportion to the odd numbers, 1,3, 
5, 7, 9, &c. Thus, if s body faJla, during the first second, 
through 16 perpendicular feet, it will fall, in the 2d second, 
through 3 times 16 ^ 48 ; in the 3d second, through 5 times 
16 = 80 feet; and so on. 



id this, let us suppose a ialtiug btidj had, at the 
beginoiag of the first aeoond, the velocity 1, Then, according 
In principle 1st, its velocity must be 2, at the beginning of the 3d 
or end of the Ist second ; consequently, according to principle 2d, 
the space described in the first second is ], because it is equal to 
the space through which it would have fallen uniformly with half 
the final velocity 2. If the solicitation of gravity ceased now, the 
body would, in the 2d second, uniformly describe the space 3 (be- 
cause 2 waa its final velocity) ; but, in the 2d second, it receives the 
acceleration of 1 (equal to that of the first impulse); conseijuently 
the whole space described in the 2d second will be expressed by 3. 
Again, at the end of the 2d second, the velocity moat be double 
that i^ch it has at the end of the 1st second ; consequently, a^ 
the velocity, at the end of the 1st second, is 3, that at the end of 
the 2d second most be 4, and, receiving a new acceleration of 1, 
the space described in the 3d second will be 5. Continuing this 
mode of reasoning, we shall find that the velocity, at the eod of 
the 3d second is 6, three times that at the end of the first 
•econd. Consequently, if we allow again 1 for the acceleration 
of gravity, the space described in the 4th second is 7, In like 
manner, tiie space described in the 5th second will be 9 ; that of 
the 6th second, 11 ; and so on. 

4. The whole spaces passed through are proportional to 
the squares of the lehole times. Thus, if a body fall 16 feet 
in 1 second, it will fall 4 times 16 = 64 in 2 seconds, 9 
times 16 = 144 feet in 3 seconds, and so iia; because 1, 4, 
9, 16, &.C., are the squares of 1, 2, 3, 4, &.c. 

This law follows immediately irom the preceding one. (See 
principle 3d.) For, if the space described or fallen through in the 
lat second is 1, and in the 2d 3, then the whole space of the two 
first seconds is l-j-3^4. If to this we add the apace described 
in the third second, which is 5, we have l-j-3 + 5^:i9j for tiie 
space described in the three first seconds ; the same reasoning 
will give us l-f- 3 4- 5 4- 7 = 16 for that in the four first seconds, 

Thus, if we write the number of seconds during which a body 
baa been inuuifoimly accelerated moUon in one Ime, the squares 
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of these numbers will repreaent the spaces described reepective- 
ly in these lines. 



1 313 4 5|6 7|8 9 10 Times. 


1 4 1 9 16 25 I 36 49 ! 64 81 100 Spaces. 



The correctnesfi of these laws, although sufficiently plain from 
the above course of reasoning, may also be proved directly by 
actual txperimints. For this purpose George JHumoiPs /ailing 
machine la admirably calculated. It consists of an apparatus 
which we are about to describe, and possesses the advantage of 
exhibiting all the laa* of uniformly accelerating' motion; by 
moderating the qtumlity of motion so as to render it observable 
la the experimenter. 

This apparatus conaiste of awheel, (see Figure 11), turn- 
ing on its axle, with as little friction as possible, and having a 
groove on its edge ta receive a string. This wheel is fixed be- 
tween two perpendicular shafts, as represented in the figure, and 
the whole is, by a cioss-plece, T, and the screws, M and N, 
fixed to a table, to give the machine more firmness andjitobil- 
ity. ' Over the wheel, in the groove, is placed a fine silk cord, to 
the ends of which are attached two equal cylindrical weights, 
A and B, which balance each other in ell perpendicular posi- 
tions ; because, the string being continued from A to B, betoto 
the weights, there will always he equal portions of thread 

* The toot laws of unifonnly accelerated motion maybe eiprea«ed 
mathematiciilly by the following formulae : — 

1. Let V, V, represent Ihe final velocitiea, acquired in the times 

T, t, respectively ; then the first law is ezpreseed by the proportion 

V;v::T:t. 

S. Let V represent the final velocity acquired during the time T', 

and let B' st&nd for the whole apace gpue through ; then the second 

law is expressed by the equation 

S'ta V'xT' - 
2 

3. If grepreaents the space through which abody &IIs in the 1st 
second, then the space S, through which a body ftUa in the Q'secoad 
will be expressed by the equation 

S = (2n-l)Xg. 

4. If S,B, repreaent the apoces described in the whole times T, t, 
respectively, tBen the fourth law, which is the foundation of Ui£ 
other three, is eipresaed by the following proportion . — 

S:t :: T' : t'. 
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OD both lidei of the 
irhee].* C aai D are 
two iliding Bocketa : C 
tenmnateB :□ & ring, 
through which the 
weight A IB Bllewed to 
paas ; but D supports a 
■ta^, which is placed 
where the eipemn ent- 
er wiibes to stop the 
weight A. W wpre- 
MutB B small weight, 
which IB placed, u 
shown in the figure, 
upon the weight A 
when we wish t 
it an impulse i 
direction of gravity, 
but, in descending, is 
left on the ring, R, 
when the weight pasBea 
through iL F6 is b 
scale, divided into inch- 
es, halves, and quarters, 
to measnre the descent 
of the weight, and QP 
is a pendnlom, vibrating 
seconds, to mark the 
time employed in the 
fall. 

The advantage and use of this apparatus are easily understood. 
When die small weight, W, is placed upon A, the Ichm of ite 
descent will indeed be the same as those by which it would be 
governed during its tree fall ; but the velocity will be considera- 
bly diminished. The whole continued impulse which it receives 
fram gravity, is not solely spent in accelerating its own descent, 
btit, being connected wiUi the two equal weights, A and B, which 
aie always counterpoised, it has to carry these along with it 
Hence it is easy to perceive, that, abstracting from the triction 
of the wheel, the rate of its descent will be to that of its free fall 
as the weight of W is to the weight of A and B put together. 
Thus, if A and B together weigh 33 ounces, and the weight W 
only one ounce, the velocity of its descent will only be ^ of that 




• This latter circumi 
nscd for the purpose of 
deviations trom those n 
eU raasoning. 

6 



neglected in muny.fstling machines 
anting;, and is ofleathe caum of little 
licb we have obtained by m 



Digilizcdt, Google 



^ APFLICATIOR or OBATITT. [OBAP. Ut. ' 

«fitB free 611, Knd will conBeqnenll j be observable with the eje. 
If the weight of W were only i ounce, then the velocity of the 
descent would only be^th of that of a tree falling body, and eo 
OB. It is also plain, that the descent is only accelerated until 
die weight A paaaea through the ring R; for- then, the weight 
W being retained by the ring, the weight A will only descend 
wiifom^S with the final velocity it has acquired at the point R. 

The apparatus being now regulated so that the weight W 
shall only descend one inch in the Ist second (one partition on 
the scale F G), and the pendulum, PQ, being set in motion, we 
shaUfind, 

1. That the space through which the weight will descend in 
the 3d second, will be 3 inches ; in the 3d second,'5, inches i^in 
the 4ti), 7 inches, and so on ; consequently that the whole spaces 
described by the accelerated descent in 1, 2, 3, 4, &c. seconds, will 
be as the squares 1 + 3^4, 1 + 3 + 5 — 9, 1 -(-3 + 5 + 9=16, 

2. If the ring be placed at the maik 3, which is the distance 
to which the weight W will have descended in the Ist second, 
we' shall find, that the weight A.Bfter W is retained by the ring, 
will descend uniformly through 3 inches in the 2d second of time ; 
which ia easily ascertained by placing the stage at the mark 3, and 
observing whether the wei^t A atrilces it simultaneously with 
the vibration of tte pendulum. If the ring be placed at th^; . 
mark 4, to which the weight W will descend in two seconds, then, 
m the next two seconds, the weight A will unifoAnly descend 
through the space of 8 ihchei. If the ring be placed at the 
mark 9, to which the weight W will descend in the first three 

.seconds, then, in the following throe seconds, the weight A, alone, 
will uniformly descend throu^ 18 inches (3x6Becond8), and so on. 
These experiments establish the second and first laws of uniform- 
ly accelerated motion, viz. thai the tpace gone ihravgh in any 
'Urticviar time it exactly e^ual to that which (fie tame body aavid 
— - described mt^ormly tinih half the jmai velocity ; because 1 is 
half of 3, 4 19 one half of 8, 9 is one half of 18, &c. ;— and Oiat 
the final vtlociiies are at the Hmea ; because, at the end of the Ist 
second, it is 2 ; at the end of the 3d, 4 ; at the end of the 3d, 6 ; and 
so OD ; which numbers ore in proportion as 1 is to 3, to 3, &c. 

^ 73. Application of the Laws of Gravity. With the 
anistance of the laws developed in the last section, we can 
find the space through which a body falls in a given number 
of seconds, if the space through whjch it falls in 1 second is 
known. This is, according to the nicest calculation, 16 
feet and 1 inch, or, more accurately, 193.09 inches, in the 
latitude of London ; but lat~ most calculations, we may call 
it 16 feet, vhich is sufficiently near the truth. 
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Suppose we knew u body had fallen freely during till 
time of 5 seconds ; we should find its perpend iculai descent 

by multiplying 16 by the square of 5 ; thuq, 16x25^=400 
feet. In general, toe obtain a body's perpendicular deicejtt, 
6y multiplying the nuTttber 16 by the square of the time ex- 
pressed in seconds. Again, if the space fallen through is 
knowOi fe canjind the time by dividing that space by 16, 
and extracting the square root of the quotiejtt. Thus, if a 
body had fallen through 400 feet, by dividing 400 by 1^ 
and entractiug the square rootof the quotient, which is 'io, 
we should obtain ^35^ 5 seconds, for the time of its de- 
scent.* 

*he laws of tiree falling bodies explain a multitude ofphenom- 
in nature, and a variety of proceBsea in the mechanic arts. 
Every one must have noticed the &ct, that even email bodies, 
when falling trom B considerable beieht, acquire a momentum 
which endangers the safety and life or a person whom they may 
happen to strike ; arock, rolling down from a precipice, crushes any 
object which it meets onitaway; a peraon f^ing or jumping 
ftom a considerable height, will daahhilnself to pieces by the mo- 
mentum which bis body acquires during the descent, fcc. If a 
blow is given with a hammer, the head isiaised to some height to 
give it addilinnal momentum or force by the descent. Where 
the force of a common hammer is not sufficient for the required 
effect, as is, for instance, the case when plies or posts are to be 
driven into the groond, it is customary to raise a heavy block, by 
means of a capstan, to a certain height, &om which it ja after- 
wards precipitated. The construction of the French guillotine is 
on the same principle. Similar machines are used in uie working 
of metals, and for other technical purposes. The smaller the body 
is, which is thus to produce a certain efiect by its perpendicular 
r»Jl, the greater must be the height to which it must previously 
be raised. Thus we can conceive a caimon ball raised to such a 
height, that the momentum acquired during its perpendicular tall, 
may even surpass that which it has when fired from the cannon. 
5 74. The Laas of dravity are independent of the Mass 
of Bodies.— The ^ass of a body has no influence upon, and 

* Lot S represent the apace thnugh which a body falls in a given 
time ; e. the space thmugh which it tuls in 1 eecond ; and T, the tima 
of ita tailing, expressed in eecondB ; and we ehall have 
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ioes in no leay modify the laios of falling boditls. This is 
self-erideot. A number of balls, or the same subslance, let 
fsU at tbe same time, bma the same heigbt, will at the same 
time arrire at the 8urfac« of the earth, whether they be let 
fall one by one, or connected together in a single maas ; be- 
cause every particle of matter ia equally attracted by gravity, 
and every heavy body may be considered as an assemblage 
of little masses, kept together by the attraction of cohesion. 
(Chapter 1, ^ 18.) Besides, ezperiments have shown that 
the falling of all bodies is equally accelerated by gravityj 
and that all differences in time and velocity are solely at- 
tributable to the resistance of the atmosphere, which 'a 
smaller mass (whose momentum ia consequently sma|||r 
also) is less capable of overcoming than a body of more 
bulk. 

If a feather, a piece of wood, and a 
piece of gold, are suffered to fall from 
equal heights in the. receiver of an air- 
pomp (Pig. 12), from frhich the air has 
been previously exhausted, they will all 
reach the bottom at the same time. The 
air-puiDp is an appajatua which we shall 
describe when treBlinj; or the atmos- 
phere, and is used for eshauating tbe 
ail from a vessel. A, B, C, are screws, 
fitting air-tight to the receiver represent- 
ed in the figure ; d, t,f, are stages, upon 
which the difiereat bodiea to be experi- 
mented upon are placed, and fiom which 
they are simultaneously precipitated by 
a single turn of lie screws. These 
expenmentB prove that the fall of all 
bodies is equally accelerated by gravity, 



Tig.n. 




moved ; but we shall soon be able to 
give a. stilt more satisfactory evidence 
of this truti), when treating of the oscil- 
lation of a pendulum. 



^ 75. Law of Motion of a perpendicularly ascertding Body. 
For the same retaon that gravity accelerates tk^ velocity of a 
FALLING body, it RETARns that of a perpendicularly ascend- 
ing one, in every successive momejtt of its ascent, until it 
becomes zero : then the body will return to the earth, and 
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acquire during its Jail the sante velocity which it had at tin 
frsl momenl of its aseaU. , 

Thus, if a hear; body be projected perpendicular); op 
into the air, sa; with & velocity or240 teet per second, then, 
in the first second, instead of'ascending 240 feet, it wUl onjf 
ascend 240 leas 16 ^:.224 feet ; because it falls 16 feet, ac- 
cording to the laws of gravit;, independent of the resistance 
of the atmosphere. In the 2d second,' it will riae only 240 
less 48 = 192 feet, because it will fall 48 feet. In the 3d 
second, it will only rise 240 less ^ = 160 feet ; in the 4th 
second, only 240 less 119k=128 feet; io the 5th second, 
only 240 less 144 = 96 feet; in the 6(h second, only 240 
less 176 ET 64 feet ; in the 7th second, only 240 less 
206 = 32 feet : finally, in the Sth second, it will rise 240 
less 240 feet ; that is, it will rise just as much as it will 
again descend in that second. The body is now at a height 
of 696 feet, when it begins its perpendicular descent; and, 
falling 16 feet in the first second, 48 in the second, 80 in 
the third, and so on, it will' need as many seconds to reach- 
the ground as it ascended in the air, and will, on reaching 
it, hare the final velocity 240, which it has at the beginning 
of its perpendicular ascent. 

By the use of mathematioal characters, 4- forD[u« or more, 
— for nunu* or Uu, X for mvUifli'd hy, and = for tqaol, we 
shall be able to express the perpendicidar ascent and descent of 
the body in the following manner ; — 

BiM o/tte Boi^. Foa qfOu Bodg. 

240— 16:=224feet,> 1st second fl6X 1=^ 16 feet 
240— 48 = 193 " 3d second 16 X 3= 48 « 

240— 80^160 « 3d second 16 X 5= 80 " 

240 — 112=:128 -" 1 4th second . 16 X 7 = 112 " 
240—144= 96 " f 5ti second 16 X 9 = 144 « 
240—176= 64 " 6th second 16X11 = 176 " 

240-308=32 " | 7th second 16X13=308 " 
240—240=- " ; Sthsecond tl6X15=:340 « 

The whole time from the beginning of the ascent untd it 
again reaches the ground, is sixteen seconds. 

The laws of motion of a body thrown up under an angle 
with the horizon, we shall explain after treating of the 
reaolu^n and composition of forces. 



t.C.oogIc — 



COMPOUND MOTION. 



COMPOUND HOTION. REBOLUTION AND COHPOBITION ' 



4 76. Equilibrium of Forces. — Difference of Forces in 
opposite Directions. A body solicited at the same time by 
tno equal opposite forces, remains Id the state of Test : the 
tno forces cancel each other, and «re said to be in equiiib- 
rium. If the two forces which operate upon the body at the 
same time are unequal, then it will follow the impulse of 
the greater, and receive a veloei^ equal to the difference of 
tAe two forces. 

FiS. 19. 



Thus, if a body, A (see the figure), n 
time, two equal impulses, one in the direction A'oni A to D, 
and the other m that of A to B, it is evident that no motion 
oaD take place, because the two opposite forces are in equi- 
Ubrium, and the elTect is the sarad as if jio power had ope- 
rated upon A. But if the force which gives the body A an 
impulse in the direction AD, is represented fay 7, and that 
which gives it an impulse from A to B by 5, then the body will 
only move irom A towards D with the velocity which a single 
power, 2 ^the difference between 7 aiid 5), would have im- 
parted to It. 

4 77. If the directions of the two forces lekich solicit the 
body at the same time make an angle with each other, then 
the body will describe the diagonal of a paraUelogrean, ahose 
sides are proportional to the spaces through which the body 
would have passed in the same lime, following the simple im- 
pukes of each of these fori 
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■ If the two forces which 
simultaneously act upon a 
body, A (see Fig. 14^, make 
an ajigle with each other, so 
that one givea the body an iro- 
pulse in the direction AP, 
whilst the other impels it in 
the direction AO, then it a 
evident that the body A connol 
follow either impulse ; but 
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must move in s straight line, AM, between the diiectiaii AP and 
AO of the two forces. To deteimine the poeition of the line 
AM, with regard to AP and AO, let us suppoae that, by virtue of 
tbe first force, the body ought to uiove from A to B ; and tliat, fol- 
lowing the impulse of ihe Hecond.itought to move in the same time - 
from A to C. To follow both impulses, the body A must, at the end 
of the same time, be in a point, M, which is as far from the direc- 
tion AO as the first force would have drivenit,anda8&r from AP 
as the second force would have moved it. This is accomplished 
when the body is in M. The line AM, therefore, is the diag-onal 
of the paraUelogram ABMC, because BU is equal to AC, and 
MC is equal to AC. 

The following GxpEBiMEnr 
Fig- 1K> agrees perfectly with this 

. ^ course of reasoning. Take 

alevel table, ih the form ofu 
parallelogram, and provide it 
with a ledge to l)revpnt a 
bell from rdling off; and let 
two spring guna, G, g, be 
placed iu A, so that when G 
strikes the ball, it shall move 
along the side AD in a cer- 
tain tame, and when g strikes it, it shall move in the siune time 
ftlong AB, Now, if both guns strike the ball at the same instant, 
it will move along the diagonal AC in exactly the same time, aa, 
by the impulse ofeach gun separately, it moved along the sides* 
We shall now give jsother Ei- 
Flg. 16. PEAiHEKT, taken from Lindner's 

Mechanics, which proves, in a 
manner still more direct, the above 
theory of the parallelogram of 
forces. Let two small wheels, 
M, N (Fig. 16), with grooves in 
their edges to receive a thre&d, 
be attached to an upright board 
or a wall. Let a thread be passed 
over Ihem, having weights, A and 
B, hooked upon loops on its ex- 
tremities. From any part, P^ of 
the thread, between Uie wheels, 
let a weight, C, be suspended : it 
will draw the thi«ad downwards 
■o as to form an angle, MPN, and the apparatus will aettle itself 
at rest in some determined position. In this slate, it is evident, 
that, since the weight C, acting in the direction PC, balances the 

* library of TJsefid Knowledge, treMiie on Mechanics. 
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weights A and B, ictinr in the directioDH PM and PN, these 
two foKCB iDUHt be equivaleiit to a force equal to the weight C, 
Bnd iictiu^ directly upwards horn P. To ascertain how far this 

res with the paralleJogram of forces, draw a line, PO, upon 
upright board, following- (he direction of PC, and, at the SBine 
time, also the lines PR, PS, directly under the threads MP, NP, 
and following their directions ; from the point P, on the line PO, 
take as manv inches as there are ounces in the weight C. Let 
tJie part of¥0 thus measured be Pe, and from c draw ca parallel 
to PN, and c5 parallel to PM ; then, if the aides Po and Pb of 
the parallelogram thus formed, are measured, it will be found that 
Pa will consist of as many inches aa there are ounces in the 
weight A, and F6 of as many inches as there are ounces in the 
weight B. 

§ 78. The motion which we have just considered (^ 77) 
is called a compound motion. The two forces, AB and 
AC(Fi2tl4),are called the lateral ai component forces, and 
AM ia called the dxagonai or resuUant. A single force, 
namely, equal to produce the motion AM, would carry the iody 
inthe sometime as far as the two forces AS and AC together. 
From this principle it follows that every single motion may 
mechanically he considered as the resiiltant of two motions, in 
directions expressed hy the sides of a parallelogram juihose di- 
agonal represents tile single motion. This process is called 
the resolution of forces, in opposition to the process first de- 
scribed, which is called the composition offerees. 

Thus the force AH may be conudered as the resultant of 
the two forces AB and 
Fig. IT. AC ; because ABMC 

is a parallelogram; or it 
maf also be considered 
as the resultant of the 
two forces expressed by 
AE and AD, because 
AEMD is also a par- 
allelogram; and soon. 
In the first case, AB 
and AC, and in the sec- 
ond, AE and AD, are 
tho components, or lat- 
eral forces, to which 
the resultant AH is 
eqairalent. 
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^ 70. The principle of the resolution and composition 
of forces can equally be applied to three, four, and more 
lateral forces acting on the game point, as will be seen from 
the following ExAM- 
ri*. 18. pi,E ;_Let BA, CA, 

. DA, and EA, repre- 

sent fourlateial forces; 
it ia required to find 
the resultant. 

SoLiITioN. From 
B draw the line BM 

gar al lei to AC, and 
om C, the line CM 
parallel to AB; the 
diagonal AM is the 
resultant of the two 
forces BA and CA. Again, from thepoint M, draw MN 
parallel to AD, and DN parallel to AM ; the diagonal AN 
will be the resultant of the three forces BA, CA, I) A. Fi- 
nally, from the poiul: N, draw NO parallel to AE, and from 
£, EO parallel to AN ; the diagonal AO will be the resultant 
of all four forces, BA,CA, DA, and EA; and in (he same 
manner may. the resultant of fiTe, six, and more components 
be found. 

When"; __ 

impelled by two forcea, and will describe the oiagonal of a paraJ- 

ielogram, whose sides may be represented by the rapidity of the 

current, and the impetua given to the boat by the oars. Thus, 

suppose a boat 

PIk- 10' starts from the point 

- A, and is impelled 

by the oars in the 

direction AB, so 

that, if there were 

no curreut, it would 

reach the point B 

jf _j 3) in one hour ; but 

the current of the 

river is such, that, witiioutlho oars, the boat would float down the 

river in one hour to the point D ; then the resultant of these two 

forces will he the dia?onal AC, in which direction the boat would 

be impelled by the iovnt action of the current and the oars. If 

the boatmen, wished to land at the point B, then they would have 

to row in the dwection AM, making for the point M, which is just 

D,g,l.2cd|v,G00glc 



70 COUPOSITIOM AND IttSOLnTIOK. {CIIA.F. III. 

U tax from tbe point B, as A is from D ; because, id this case, 
AB is the resulttuit, being the diagonal of the paTellelograiu 
AMBD, formed hj the compODent forces AM and AD.— The 
wind and tide acting upon a vessel, is an instance of a similar 
liiDd of motion, in vhich the resultant is found as in the last ex- 
Bjople. A ship BteeQng in one direction, and cajried in anodier 
b; the wind, is another instance of the same kind. The flyin|r 
of a kite is also a motion resultant from the joint action of gravi- 
ty, which draws the bod; downwards, and the current of the air, 
which gives it a horizontal impulse. Host of thq equestrian 
feats are performed on thesaaie principle. The performance of 
a horseman leaping over a gorteris even easier than to leap over 
it from the ground. In the latter case, the performer must make 
a double eSort, to riu, and to project his bod; forward ; but in 
the firal caae, he need only give himself an impulse directly up- 
ward, tbe projective motion Being already communicated to him 
by the motion of the horse. Suppose the rider stands upon the 
saddle of tbe horse in A, 
Fig. 20. (aee the figure), and that 

the highest point to be 
cleared is G ; then it will 
only be necessary for him 
to eive himself an impulse 
which would carry him 
perpendicularly to the 
point C, in order to alight 
again on the saddle of the horse in the point B. To comprehend 
tms, we need only consider that, whilst he rises in the direction 
AC, his body retains yet the motion of the horse in the direction 
AH [^ 58, page 50) : his body therefore will move in the diagonal 
AG, tho resultant of the two impulses AC and AM; when in G, 
his body is, by the attraction of gravity, urged downwards in the 
direction GM ; but, retaining still the projective motion commu- 
nicated to him by the horae, he is obliged to descend in the diag- 
onal GB, which is the resultant of the two forces GD and GM. 
F^. 21. "^^^ falling of a heavy body from th^ topmast of 
a vessel, is an example of the composilwn of forces. 
Suppose AB to be the mast, and a heavy body fall- 
ing from A ; it might be expected that the body 
would reach the deck at a considerable distance 
behind the foot of the mast, since the"veasel, during 
the descent of the body, hks been moved onwards 
by the sails. This, however, is not the case : on 
the contrary, the body will fall at the fool of the 
mast, in exactly tbe same wa; as if the ship had not 
been in motion. This is, indeed, easily understood. 
When the body A is left free, it has yet, in common 
with llie mast, the progressive motion from A to C; 
BO OJ) and being, at the same time, attracted perpendicular- 
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]y downwards, it is obliged to describe the diagonal AD. But 
when the body arrives in D, the moat, in common witb the ship, 
baa moved from B to D ; coDsequently, notnithstandtnji; the 
(Clique motion of the body D, it will appear to a person on deck 
as though it descended in a perpendicular line, following the 
direction of gravity. 

We will conclude these observations with mentioning one 
.more important instance of the composition of motion, wMch is, 
at the Bame time, a proof of the diurnal rotation of the earth on 
its axis. It conwstfl in the descant of a heavy body from an ele- 
vatioi) of several hundred feet. To understand this motion, we 
will first conaider the position of such a body before its descent. 
p, „_ For this purpose, let NRDM 

** * represent the equator of the 

earth, or one of its parallel 
circles, C its centre, and 
let AD be a tower, or some 
other high eminence, on its 
surface. It is evident, that, 
by the rotation of the carlh 
on its axis, the point A, at the 
top, will receive -a greater 
velocity than the point D (at 
the foot of the tower], since 
A will move' from A to B in 
the same time in which D 
moves to E ; and the arc AB 
is evidently greater than DE, 
because it is described with a 
greater radius. Now, let a heavy body fall from the top. A, of 
uie tower AD, and let us suppose that Uie rotation of the earth 
during its descent, is from D to B ; then the body A, in the first 
moment of its descent, will be actiAted by two forces, one which 
impels it in the direction AD, and the other which gives itan im- 
pulse in the direction from A to B. The body must, therefore, 
describe the diagonal Af, and arrive in a pointy, just as much 
before the tower (which, during the fall of the body, wiU have 
moved to the point E) as the velocity AB, at the top, is greater 
than that at the bottom, DE. Experiments of this kind have actu- 
ally been madein calm days, by su fie ring heavy bodies to descend 
from the top of the tower of Pisa in Italy, aod the aaiae experiments 
have been repeated by Professor Bohnenberger, of the univer- 
sity of Tubingen, in a perpendicular descent of 600 feet into a 
mine ; and the results agreed, as well as the nSjture of the experi- 
ments permitted, with the confuted velocity of the earth's ro- 
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§ 80. When the body A (Pig. 33) receives aa impulse 
in the direction AP, it ought, according to the law of iner- 
tia (^ 58, page 50), to continue to move in that direction, 
and describe the straight line AP. But if, at the same time. 



FlK- 88. 
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there is a power in S, attractitig the bod; A in the direction 
AS, then, according to what has been said {^ 77), the 
body A will describe a diagonal, AD, whose sides, AC and 
AH, are in proportion to the two forces P and S, and would 
continue in the direction ADM, if it were not again solicit- 
ed by either of these forces. If in D the attractive force S 
urges the body again towards S, then the body will de- 
scribe a new diagonal, DG, whose sides are now in propor> 
tion to the forces whicli urge the body in the two directions 
DM and DS. If the force S is again operating in G, then 
the body will deacrihe a new diagonal, GK ; and in the 
same manner may a fourth, fiflh, and Bixth diagond be de- 
scribed. The smaller the intervals are, wilh which the at- 
tractive force S acts on the body A, the smaller will be the 
diagonals, AD, DG, GK, dtc. ; finally, \vhen the force S 
operates continually, the body A' will, in every moment of 
its motion, be turned from its direction, and describe a curve 
line, which is represented in Fig. 24. 
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^ 81. A force teiieh atlraeti a btdy eoiUimialfy towards 
one cmd the same point, is caJkd a cKSTJnrKTAi. force; and 
that which iaetssamly urges it to remove front that point, in 
a straight line, is termed a centrifuqai. or tanobntial 
.force; both forces togetlier are termed ckktrai. porcrs. If, 
at any time, one of those powers ceased to operate, the body 
would solely obey the impulse of the other. SujqxMing, for 
hmance, thai this takea place when the body is in T (Fig. 
'M), theo, if the centripetal force remained, the body will 
move to the poiot S, and its motion will be a uniformly 
accelerated one, similar to that of a falling body ; but if 
the centrifugal force remained, then the body would re- 
move from the point S, and go on forever in the straight ' 
line Tu. 

RtHARK. The nature of Ihe' curve line, resulting from the 
joint action of central forces, depends upon the ratio which the 
centripetal force bears to the centrifugal force. If the iimiulBea 
of the centripetal force are inveraely as the sqaares of^thoM 
of the centrifugal force, then the body describeB an ellipse. 
This u the case with the planets of our solar syateni, which, in 
consequence of their being continusDy attracted by the sun, and 
haring received, from the hand of the Creator, an impulse to 
harry them, in a straight line, into infinite space, are forced to 
describe elliptical orbits. In the same manner does the moon 
gravitate round the earth, and every satellite round its nlanet, by 
which it ia attracted. But of this we shall say more in the follow- 
ing paragraphs. 

$ 82. Circular Sfolion. Althoughtheattraotionofgrav- 
■■-■'-- -' I the principal cea- 
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trtpetal force in nature, yet 
there are a variety of other 
forces which may be substi- 
tuted in its place. Thus if a 
ball. A, attached to a string, 
AC, is whirled round in the 
direction ADEF, the string, 
AC, acts as the centripetal 
force, which will manifest 
itself by tension, and the 
tangential or centrifugal 
force will be exhibited by 
the directions of the taa- 
gents Aa, Dd, Ee, &c. ; for 
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if, at ftnj time whilst the ball is whirling round, the 
string, AC, ia cut or let loose, the ball wilt always fly off 
in alraishl lines, which are tan^nts to the circle of revolu- 
tion. 7Tl< centrifugal force xncreases teith the velocity oj 
the revolution, and the greater the stnttp of the curve, that 
is, the greater the radius, AC, of the curvature, the greater 
is the velocity, and, consequently, also, the centrifugal force 
produced by it. 

Thus if the string, AC, were twice as long, and the body 

revolving, as before, the velocity, and consequently, also, the 

centrifugal force, would be double of what it ia in our last 

example. This will soon be understood from the following 

consideration : When the radi- 

Wig. 36. us AD is equal to twice AC, 

then the exterior curve, DEMD, 

is also twice as large as the 

curve CNOC, described with 

the smaller radius, AC ; because 

the circumferences of circles are 

"t J) in proportion to their radii, and, 

being described in the same 

time, it is evident, that the ve- 

locity of the body D must be 

as great again as that of the 

bodyC. 

fj 83. If, instead of the string, AC fsee figure), a solid 
hinderance were substituted, to prevent tne body C from fly- 
.■ ing off in a straight line, then this would equally replace 
the centripetal ioTC^. If a heavy body be attached to the 
edge of a circular piece of card or board, which revolves 
' on its centre, then this body will be circumstanced as in 
the preceding example. The cohesive attraction of the 
card or board will replace the centripetal force, and the 
centrifugal force will be proportioned to the velocity of the 
revolution. <! straight line, passing perpendicularly through 
the centre of such a revolving body, is called the axis of 
RETOLUTioN, and the body itself is said to ivnn on its axis, 
A wheel turning on its axletree is an iuetauce of tlus kind. 
The axletree is, in this case, the axis of revolution, and the spokes 
represent the centripetal, force. Bj the rotation of the wheel, 
every part of [he rim receives, by the centrifugal force, an im- 
pulse to fly off in a straight line, from which it is prevented by 
the exterior iron hoop, MUei the titt. The grester the circnra- 
ftreoce of the wheel, the Etrongei most be the tire ; because the 
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;ntniiigal force ictiiig on eacli point of the rim, 
everj port of it will have a stronger tendency to fly off in ■ 
straight line. 

Exan^ikt of the Joint Action of C«ntr^iifal md Ctntriptbi 
Foretfnym'Niilitrt. A person, wishing to fling « stone to a. can- 
aideiMile distance, makes iiia tnn revolve, to give the stone 411 
additional impetus by the centrifbnl force. On the s«me prin- 
cqde did the ancients fling stones from swings, which were first 
hurled round in the air. A stone, or any other heavy body, 
placed in a hoop which is rapidly whirled round, will not fail to 
the ground) even when its position, as represented in the figure, 
is perpendicular to the ground. In this 
case, the centrifugal force in the dircc- 
tion AC is so great as to overctmjie. C-OSS" - 
pletely, the attraetion of gravity down- 
wards, and the body A, being, by the 
hoop, prevented from flying off in a 
straight line, will remain in its place aa 
long aa the hoop is revolving. The 
same will take place, if, instead of the 
heavy body, a tumbler, filled with water, 
be substituted; but the water will, in 
tiiis esse, rise on one side of the tum- 
bier, because the particles' of the liquid 
are, by the centrifugal force, driven from the centre to the cir- 
cnmferenc^e. When a grindstone is rapidly tUmed roond, the 
water is seen to fly off in stisight lines ; and the same take* 
place with the mud which is thrown off &om the wheels of a 
carriage. When a person turns rapidly round a comer, his body, 
receiving, by the centrifugal force, an impulse in a straight line, 
is apt to fall, unless this impulse in counteracted by inclining the 
body toward the comer. Carriages and other vehicles, which 
cannot, of themselves, counteract the influence of the centrifugal 
force, ought, on this account, to be turned slowly, else they inll 
be overset in the direction from the comer. For the same reaaoa 
do the riders and horses, in equestrian feats, tum their bodies 
toward the centre of the ring, in wiiich these perfbrmances gen- 
erally take place; in order that their; weight inwards may be a 
counterpoise to the centritligal fbrce, which unpels them in a con- 
tniy d' - ■' 
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But tbe most reinvksble instMice of the action of the centrif- 
ogal ibic« is rachibited by tba rotatioa of out globe on its luriB. 
. Let AB (Fig. 28) rep- 
Ftg. Ml Keent the earth's sxis, 

of, (he eqn»tor, snd nd, 
mb, difi^ent pBrallel 
circles. It is evident, 
that, during the iev«hi- 
tioD, each particle of 
msttei, of which oar 
globe i», composed, w 
forced into a circular 
motion, the centre of 
which lies in the axis 
ARf but the equator, of, 
being the iarg-est cinJe, 
the centrifl^al force 
will be greatest in the 
circle q^ and diminiah 
towatd the pole*, A i»d B. Tbe result of this unequal actioa 
of tbe cmtnAigal force is exhibited in the form of oar earth, 
which is B^eroidical, •■ repreaented in figure 39; the paris near 
the equator, OP, being, by the can- 
tri&gsl force, actually driven from 
Ae centre. The centrifugal force, 
winch thus acta on every particle of 
lobe, is equally active with re- 
to detached bodies on its btit- 
; all which hare a tendency to 
fly off in straig-ht lines, be, de,J^. 
(F^. 28.) The centri^tal force, 
which prevents this motion, is th« 
_ attraction of gravity, which, howev- 

er, ia aligbtly modified, for two rea- 
Bona ; firsl, because the centhtiigal force hi greatest on the equa- 
tor, asd diminishes towards the poies; and, secondly, becausetbe 
centarift^fbrce^, on the equator, acta directly o;i]»o«t(e to the di- 
rection of gnvitv represented by CP, and more and more angit' 
larta'A approaches the poles, whicBi is evident from the figure ; 
the angles Cdt, Cbc, &.c., becoming more and more acute, as 
the points d, h, Slc, approach the poles'; and at the poles A and 
B themselves, where the centriiugnt force is zero, the attraction 
of gravity will have reached its maxirrium. These facts have 
been established by actual obeervations and experiments, which 
we shall mention, when treating of the oscillations of a pen- 
dulum. 
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PURTHKB APPLICATIONS OF THE THE<»Y OF COHFOBITION AND 
EVOLUTION OF FORCES TO THX CUBTIUNKAK MOTION OP 
A BODI THROWN AT AN ANOLE WITH THE OIHBCTION Of 



^ 84. If a body is tbroum up in a direction AB (see the 
figure) , making, with the hori- 




xontai line AC , any angle you 
please, it eatmot continue its 
way in - tie samt direction ; , 
because it is, in every moment 
of its rise ,attracted dovrnwardi 
by graeity ; it must therefore 
describe a curve line, tehiek, 
in mathanaties, is termed a 



SappOM the velocitj imputed at the point of starting impel* 
the bod; through a apace =; A i, in one second. Tben, if it 
were not acted upon by our other power, it would, at the end of 
the 3d secoDd, be in e ; at Uie end of the 3d second, in d; and so 
on (taking ab, be, cd, Si.c., to be all equal to one another). But 
being, in e»ery moment of its motion, solicited by (frarity, it will, 
at the end of the 1st second be u many perpendicular feet be- 
low the point b, as it vould have freely lallen through in that 
time, namely, 16 ; at the end of the 3d second, it will be 4 times 
' 16 = 64 feet below tffe pointc; at the end of the 3d, 9 times. 
16 ^ 144 feet below d; &«. j%ut &e boi^ dt*enbet, a curve 
lijie, lekieh, uAen geometricatlg examined, m Jhund to be a pa- 
Tobota,* 

^ 85. If a heavy body is projected horizoniaSy, that is, 
at right angles teith tke direction of gravity, Iheii, whatevar 
be its velocity, it unit come to the gr(»md in exactly the same 
time which it would need for its perpendicular descent. 
Let Fig. 31 be the heavy body, raised, for the sake of an ex- 
ample, to a height of 144 feet, aad let it be projected in the 
direction AD. Let AB represent the distance to which it is 
thrown in one second, and let Am, An, and Ao, respectively, 



* Because the sqoAres of the ordinatn a 



n propoTlioQ to the ab- 
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[epreflcnt the spaces of 16, 64 and 144 ieet, through which 
vnty heavy body falb, in the time of 1, 2, 3 aecondt^ 
It IB eridenl that the motion of the body A, in the first second, 
is cofBponnded of two iMera) kttxg. Am and AB, in conse- 
quence of which, it must describe the diagonal, AA, in the 
saoke time which it would hare needed to more from A to 
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B, OT to fait limn A to nt. In hke manner is its motion, 
darit^lhe2d secottd, compounded of the two lateral fcHces, 
br and bs, the In of which represents the perpendicnlar 
foil, and the 2d, the projectile force : it will, therefore, de- 
■crLbe the diagonal be. Fisallj, duriiis the 3d second, 
it must obey the laws of gravity, ana fall through et 
(equd to no) ; but, at the same time, also, it will obey the 
projectile fin-ce ew (equal to CD), and will be on the ground 
at d, in exactly the same time in whicii it would have com- 
pleted its perpendicular descent, Ao. 

AlthoDffh, in this example, we have only chosen a height of 144 
feet, yet it is easily perceived, that the same course of reasoning 
will equally hold with regard to any eminence from which a pro- 
jectile may be thrown ; so that, if this be done horiioniaUy, it will 
always reach the ground in exactly the same time in which 
it would ba?e tkllen perpendicularly, when solely solicited by 

The diagonals Ab, be, td, are, strictly speaking, curve lines ; 
becaase the body A is, in every moment of its motion, deflected 
ftwn a right line. The attraction of gravity from the centre of 
die earth, acta aa the centripetal force, and the pr^ectile impulse 
of the body takes the place of the centrifugal. The whole mo- 
tioD ia analoEoiis to that deacribed in § 80, and the same reasoning 
applies equally to iL 

^ 86. Tht distance to wiicb a jprojeetik may bt tiroimt. 
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does not onty increase with Ike horizontal velocity, hut also 
with the htightjrom which it is thrown. 

That the sweep of the curve incteases with the velocity 
of the projectile, ia self evident. 



fig. 32. 






ies be thiawn 
hotizontaUy 
fioia the same 

= 16feet^one 
Titk the ve- 
locity ABpCT 
•econd, and 

the other with 
the velocity 

AC ; both will reach the ground at (he same time ; but whilst 
the firet bod; mrives ia n, £e other airivea in a, exactly aa manjf 
feet faither from m, as the vetocit; AC is greater than AB. 

Again, let ua suppose that two bodies, M and N, (Fi(;. 33), 
are both thrown with the same velocity, but from uneqaaJ heights- 
Let the height from which M is thrown be 144 feet, and that nvm 
which N is projected, 400 feet ; then the body U will descend 
to the ground in three seconds, and the body N in S'seconda 
(according to the laws of fiee Adling bodies, page 59). Now, 

Fig. 33. 




suppose that AB is the distance to which each of these 
bodies is projected in one second ; then, according to. wliat we 
have proved m S 85, the body M, which is thrown Irom G, will 
reach the ground in 3 seconds, and arrive in M at a distance MP, 
equal to three times AB; whereas the body N will be Sseeonda in 
the ur, and arrive at N, making tbe distance FN eqs»I to five 
tinoB AB. JAnee ne i^fir, Mot vihen the vtlocttu* or* epui, 
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Iht dxtUmeei PHondPN, towlnchthe hodUt Mand N are Oirotim, 
are in direct proportiim to the timet needed /or thtir perpendieuiar 

This priDciple hss been successfuUf applied to the bombardinE 
of cities (loleiy in the bombardment of Algiers by the French), 
it having been found .by ezperimenta, that the same quantity of 
ponder projects a ball much farther wheo it ia fired from a 
cannon standing on an eminence, than tirom one 8ttuat«d in a 
plain. 

^ 87. If we appl; the foregoing principles to the ourTi- 
liaear in«lioii of projectiles on our globe, we shall at once 
perceive that (abstractedly from the resistance of the atmos- 
phere) the sweep of the curves AL, AM, AN (Fig. 34), 
Fi«. 34. 



depends entirely on the projectile velocity with which a 
l>ody is first thrown into space, and on the distance at which 
It ia originally placed from the earth's surface. Hence it 
" 1^^ *** conceive a height, BO (see the figure), from which 
a tx>dy may bg hurled with such a projectile velocity as to 
aescribe the curve OPRO, which would carry it completely 
^f° '"e earth, and make it return to the point O, whence 
It departed. In this case, the body would continue to re- 
volve round the earth; becauee, when returned to the point, 
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O, it retaina still its projectile force, and the attractioa of 
gravity, acting upon it aa in the first instant, causes it to re- 
volve a second time, and then a third time, and so on. 

Such is the revolution of the moon round the earth, and sach 
is the revolution of every planet round the Bun, fhim the time 
they were first launched into space by the hands of the om- 
nipotent Creator, who has traced its orbit to every heavenly body, 
and from which it cannot deviate without destroying the order 
aad harmony of the mecltMiicB of the universe. 

^ 8S. We have seen, in the preceding paragra^s, that 
the curvilinear path of a projectile may be traced, when the 
intenntj of the earth's attraction and its projectile foree are 
known. In like manner, we are able to determine the fbice 
(rf attraction to a common centre, when the velocity of the 
projectile and its motion are known. Thus, by knowing 
the moon's orbit and her velocity, we have been able to as- 
certain the amount of attraction which our earth exercises 
npbn her ; and upon comparing it to the intensity of gravity 
on the earth's surface, it has been found, that the attraetioM 
of gravity decreases in proportion to the squares of the dis- 
ttmca. This law aptplies equally to the attraction of gravi- 
tation of all other heavealy bodies, and eipreaseB, that, if the 
dietancea of a bod; from the centre of gravitation arc as the 
natnrd numbers 1, % 3, 4, 5, &o., the attractions of gravita- 
tion win only be 1, ^, i, -^, ^, &c., respectively. Thus 
a body placed at 10 times greater distance is only ^^ aa 
much attracted ; at 30 times greater dtalance, it is only 
attracted j^ as much ; and so on. 



Fig. 3S. 



MOTION ON AN IHCLINBD PLANE. 

An inclined plane, AN, is one which makes 
with a horizontal plane 
any angle at pleasure. If 
upon this plane you place 
a heavy body. A, it will 
be prevented from fall- 
in a vertical direction, 
', but is obliged to slide 
down the plane MN. 
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^ 90. Tkf lata of tHotiott on an ineHtted plane is anabh- 
gous to thai of a free falling body ; that is, the motion of a 
body on an incHnedpfane is Uke that of a free falling body, 
ufttformly accekrai^; the only difference consists in the ve- 
locity, which, on an inclined plane, is naturally smaller than 
at thx perpendicular fall; (because AB U leas than AC, 
BK less than CO, &c.) 

Snppoaing the body A had, in the lat second, Mien through 
a space ^^ AC, then the space described by its tnolion on the in- 
clioed plaie is equal to AB ; because AC may be considered as 
the diagonal of two lateral ibices (^ 78, page 68), oue of which, 
AB, urges the body down the plane MN, and the other, AD, 
. exercises upon that plane a perpendicDlar pressure. During 
the 2d secoad, the body A would have fallen tbroug-fa a space, 
CO, three times as great as AC (j 73, 3dlr) ; hence the corre- 
spondingspiceBK.deBciibedontheincliQedplane, is three times 
•■ ^at u AB. In like manner, because the body A would, 
during the 3d second, have fallen through a apace five times 
as great as AC, its motion on the inclined plane will be hve times 
AB ; and so on. 

i 91. Velocity on an Inclined Plane.— Angle of Eleva- 
tion.- — The velocity of a body moving on an inclined plane, 
d^ends on the angle of elevation (ANH) which the plane 
(MN) makei mith the hnrixontal plane (KN). The gre&ter 
this angle is, the more will the velocity on th» place 
resemble that of a free falling body ; finally, when the angle 
of elevation becomes a right angle, HNP (Fig. 35), 
the plane will -he perpendicular to the horizon, and the nro- 
tion will be that of a free falling body. The reverse takes 
place when the angle of elevation is zero, that is, when the 
u*!* ^^ '* parallel to the horizon; because then the 
whole weight of the body is supported, and no motion takes 
place. 

§ 92, To prevent the motion of a body on an inclined 
plane, it is necessary thai it should be urged in the opposite 
fhreclton, with a force which is to the weight of the body as 
force" t'h ^^' °' "^ -^^ '' '" ^^- con^iently, with a less 
bodies hp '^ ''^I'^red to prevent 'the perpendicular fail of 
the plane Th^ P?" **^ ^^^ ^^^'^ "'^'S'" '* supported by 
* nus j ponnd in N will be in equilibrium wJtn 



t* Google 



OBaP. Ul.J 



INCLINED PLANE. 



«ff-3»- 1 lb. ill M {Fig. 36), 

when AB is half of AC; 
} lb. is in equilibrium 
with I lb. in M, when 
AB ie one third of AG ■■ 
in short, the more the 
situation of the plane AC 
approaches that of the 
horizontal plane. BC, 

tbe mm^ is the bodjr'a weight supported by it ; the less force, 

consequently, is required to prefent its motion. This may 

be shown by experiments.* 

If AB (Fig. 36) is 3 feet, and BC, 5 feet, then, according to the 

roles of geometry, AC inustbe6feet ; and in this case, AB being 




* ThoM who hava studiei 
F1K.3T. 




try will easily perceive that tha 
triangle ABC is limilu to the 
whole triangle AHN (bavinz 
Uie angle -• * -^ 



theiefoie we have the propor- 
tion 

AB :AC=AR:ANithiitbi, 
Tie mottint tm At indiii/d plant 
it U tkat of a free falling widg, 
aa lie lide AH i^ftAe n^Ac-iw. 




Another reniarkable inference which 
we may draw from this principle is, 
that a body descends either of the chords 
AC, AE, AD, in exaoUy the same 
time which it would need to fall pei- 

EendiCularly through the diameloiAB; 
eoauso ACR, AEB, ADB, &a.,. 



'. Remark to Problem XVH.) 
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juot i oCAC, j lb. in N will be in equilibriam witb I lb. in M. 
AgaiDjif ABis6feet,andBC8feel,AC willbe 10; consequent- 
ly, AB -,8j or I of AC. In this case Slba. in N balance 5 in M, &c. 
If, in either of these experimentB, the plane AC be made movable, 
and capable of turning round the point C, then, by gradually di-- 
minishinw the angle of elevation, ACB, we shall find that luttr 
weights in N balance the same weight id M ; finally, when 
AC is placed upon EC bo ai to give the plane AC a hoiizontal 
pofiidon, no power at all ia neceaaary in M to keep the body N 
from moving off the plane. 

Remark. The whole theory of motion oa am inclined plana, 
and, conaequeuUy, also, that of free ftlting bodies, to which it ia 
analogous, ma^ be illosteated by an instrument, which, on ac- 
count of its simplicity and cheapness, may form part of a com- 
mon school apparatus. 

1%. 30. 




* It ODnsists of an inclined plane, AB, attached in such a 
nartner to the horizontal beam, CB, that, by meaoi of the 
inserted iron or brass arc, mn, it may receive any inclination 
. yon please. This plane is provided with ledg-es, to prevent 
the ball from rolling ofi^ or moving down otherwise than in 
a straight line. The whole of this plane is divided into equal 
part3, which are marked. At the 1st, 4th, 9th, I6th, &c., of these 
divisions are betis, with mechanical contrivances, which cause 
them to be struck, when the ball arrives at these pointa, without 
im^ding its velocity. Now, if the plane receives an incUnation 
which mokes it pass through the first of these divisions in the IM 
second, then it w.ill pass through the throe next divisions in the 3d 
second, through the five Dextinthe3d,ani3sooQ; so that the bells 
are struck regularly at the end of the 3d, 3d, and 4th seccsids ; 
which proves the principal law of accelerated motion, viz. thattAe 
whole gpacta, dairibedhvtn the beginning of the motion, are at ^ 
tqaaret of the times. Thus, if the times are 1, 3, 3, 4, fcc, the 
^aces are 1, 4, 9, 16, &c. (the divisions on th^ plane being made 
accordingly.) 

The principal application of the inclined plane is to moderate 
the velocity of the descent of bodies. For this reason inclined 
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planes are need in the nnloading of gooda flxun wagonB. Slair- 
«aae8 ore inclined planes, although interrupted bj steps ; and the 
risk of falling in the attempt of mounting and deacending them 
increaaeti with the angle of elevation, ae the position of the 
principal plane approaches more and more the perpendicular di- 
rectian of gravitj. Of the uses of the inclined plane in the ele- 
ments of machinery, we shall apeak in the next Chapter. 




OBCILI^TtON or A PENDVLDM. 

If a heavy body, B, ia Buspeaded ia such i 
that it can freely move round the point of sus- 
pension, A, it receivea the 
Fli- *0. name of a pmAilam. A 

simple pendulum is imaginad 
to have but one heavy point, 
which 13 BOspended by an 
inflexible straight line. ^ 
lieavy mass suspended by a 
very fine thread, or by a hair, 
may, for most purpoitaf be 
conudered a simple pend^ 
lum. 

) 94. If the heavy body, B (see Fig. 4b), is raised &om 
ks perpendicular diieotbD, AB, to the inclined position AC, 
arid afterwards let free, then, because gravity attracts it 
domiwards, in the perpendicular direction CE, and the 
string AC prevents it from folhswing that impulse, it will 
begin to swing in circular arcs, CBD, and would continue 
to do so, if no obstacle came in its way, to impede or stop 
its motion. The angle BAG, by which the pendulum at 
first departs from the perpendicular direction, AB, is called 
the tmgk of oscillation or eloagation. 

The heavy body, B, will at first describe the arc CB irith ac- 
celerated veloci^; because, in evetj moment of its descent, 
gravity operates upon it.* When the body has arrived at the 

* These accelentioiu cannot be unifiirai ; becaUH (he neanr the 
heavy. body approac&ea to the nunt B, the leaa does its poaitiaii vtrj 
thuD the noruoiitd plane,Mn- The whole of the arc BC, namely. 
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puBt B, its Telocity, which bu now urived it its muimum, does 
not suffer it to remsin iUeie, bat forces it, hx^cording to the Isw 
of inertia, to rise on the other side, ind to describe & nev arc, 
BD, which, if nothing impedes the body's motion, must be eqnal 
to the uc CB, diroDgh which it Srst descended. When the body 
is in D, its velocity, which, during its ascent fr6m B to D, hu 
been diminished by grarity, in the ume maimer in which it wm 
increued during its descent from C to B, is now in precisely the 
same aitnatioo in which it w«s at fiist, in the point C ; it will 
therefore return, tod describe a new arc, DBC ; and then, again, 
another arc, CBD ; and so on. In this maimer, the oscillations. 
onght to continue forever ; but the resistande of the almoaphere, 
friction, and the small force which is required to bend the string 
by which the heavy body is suspended, gradually reduce the arc 
M oscillation, until the pendulum fint^y stands still. 

§ 95. Isochromsm of a Pendulum. — 7^ most temark- 
ime property qf a peitdulum consists in the equal duratitn 
1^ itt oseiSations : foraltbough, from the circumstances allud- 
ed to,'the arc of oseiliation is continually diminishing, the 
AirtOiim of one of its osciUatitma is but very little influenced 
&y t)te magnitude of tlte arc ; so that, if this be small, one 
oacillation will last as long as. another. 
■ ^ 96. Time needed for each OsciUation. — ^ The time 
witch is needed for each oscillation depends upon the length 
of the pendulum. Wit)) r^ard to this dependency, there 
exists tbe following law : The lengths of any tioo pendulums 
are in proportion to the squares of the times needed for one 
^ their respective oscillations. Thus, of two pendulumst 
me twice longer will swing four times slower; becnuse'it 
will need four times ^ much time ie perform one osc^a- 
tion ; the. three times longer will swing nine times slower ; 
tlie four times longer, sixteen' times slower, &g. This nay 
be shown by experiments.* 

may be considered as comditin^ of a great number of inclined planed, 
which^ having difibrant inclinations to the horiiontal plane,' MN, must, 
of course, chanee the I&w of motion of the swin^ng body, in every 
moment of iti descenl Thus, although the Telik;i^ cantinues^tei^- 
creaae, die inciease is not nnifbrm. «,' 

* If T, t,iscpeclivety,re{>remQtthe timMneed*dfi)roneos«nial^B, 
and L, 1, the reipaotive lengths of the pendulunta, then we hiva the 
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- 4 97. l^set of fjte Pendulum. Tbe uses of the pendu- 
Inin oonsiat, 

1st, In exhibiting ike dtreetiim of graoity (when tin 
pendulam is iu the state of rest). 

2dly. S shows that great masses iiifiaeaee the attractim 
qfgraeitt/ ; because, in the neighborhood of targe moun- 
tains, the direction of a penduluin differs from «. vertical 
line. 



Vit.Al. 




This has actuajlj been tried 
with two pendulamB placed at 
opposite sides of Mont Blanc, in 
Svitzeriand, when the directioiu 
oft, cd, were found to deviate 
from the (direction of graTity, •■ 
represented in Tig. 41. 



Sdlf . The pembdum proves that oO bodies are eqtudly 
aUraetedbjf gravity ; because pendulums made Of different 
■ubataacee, when equally long, swing equally fa«t, 

A pendnlam made of lead, and another of the aame length 
made of. wood, awing equally faat ; which ahowH that the mass or 
weight of a body haa no influence upon the eeloeity of the fall 
(ciunpare J 74, page 63), to which the motion of a pendulnm is 
analogou*. ' 

The thAny of the pendalum prorea dlffioolt e 

_ , ■ .. i..i.._ .t 1. — p — "-enuitioa. 

1 which the heiTy body de- 

dunlion of&n oaciUatJ 






where tx itudB for the ndmbei 3,1415926, L for the length of the 
- penduluin, eipreseed in feet, and a for the number of feet throngh 
which ■ free tailing bod; fajla in the la. Becond. This formoU ena- 
blea tu to 6nd the space through which a bod; falla in ths lat aeoond, 
if Uie length of the pendulum and the time of its oicillation are 
known ; and by thia means the space through which a fiee fallinj; 
bod; falls in the latsecand,nuiy be accurate]; determined for any lat 
itude. (Compare § 73, page SI.') ^ 
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4thly. The pmdulmn shows that the attraction ofgraoi- 
tg is lea near the equator than near the poks ; because a 
pendulum of the aame lengtb swioga slower near the equa- 
tor than near the poles. 

This property of teireatnal gravity, to which we have alrendy 
alluded in the remarks to § 83, page-76, was first demonatrated 
mathematically by Sir Isaac Newton, and has since been verified 
by. experiments with the pendulum, as may be seen by the fol- 
lowing table : — "■ 





North 


PBriiftml. 


ictHT of > bodr In B 
MMHlrtofliaie.iDftrrBd 

wndalnm, in Prencb 


Quito, in South Amehc^ 
PaH», in Prance, . . 
B>i<i, in Lapland, . . 


0= ay 

48° Sff 
68° 43/ 


409.10 
440.60 
441.31 


15.0477 
15.0991 , 
15.1235 



(See Bode's Knowledge of the Earth, Berlin, 1803, page 180.) 

Sthly. Experiments with the pendulum have praised that the 
attraction of gravity diminishes on the top of high inoun- 
tains; consequently, that the attraction if gravity dimin- 
ishes in proportion to the distance from the earth's surface. 

This truth, likewise establiahed ' by Sir Isaac Newton, by the 
force of mathematical reasoning, has been verified by Bovguer, 
a. French philosopher, who found that the same pendjilum which, 
near the sea-shore, made 9^770 oscillations in twenty-feur hours, 
ribrated but 98,720 times on the top of the nioun^n Pithindiia, 
making- a difference of fifty oscUlationa in one day. 

6thly. Thependulum is the best regulator of a clock; be- 
cause the duration of itaoscillations are, as nearly aspossible>' 
equal to one another. 

The isochronism of a pendulum, which was discovered by. 
OcixUo, was first applied by Hwfgena, a Dutch philosopher, to 
the regulation of clocks. The only modification to which the 
velocity of a pendulum is subject, arises from its dHatation or .. 
- contraction, pcca^ioned by dinerent degrees of temperature.*' 
These, by changing the lengtk of the pendulum, must necessarily ■ 
produce a slight variation in the time needed for an oBcillation. 

■ We Bhall leam, in the coqibo of' this work, that »11 bodies nra 
dilated by heat, and contract again by cold. (See Giiaptet Vli: ob 

Heat.) ' i V ' 
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To obviate thia, raiioue ^ontrintacu 
have been invented, all of whieb ais 
founded on the. unequal Qxpanaion of 
different metak by heat One of Uie 
' ino«t cmanxHi U Honito*'* griJinn 
petuJuZum, repieamted in E%. 4& 
It coDsiata of a combinatioi) of biaas 
and Bteel roda, in auch a manner tbat 
tbe expansion of the etgel corrects tbat 
of the braae, so that tbe length of tj^e 
pendulum may be the same at all tern- 
pei&tiir^ Tbe Juk lioea. in the figure i^ 
repreaenttbe steel cods, and tbe.Ugilit * 
lines those of braas. The central IQ|1 
ia fized,.at ita lower extremitj, to the 
middle of the tliird cross-juece ftom the 
bottom, and passea freely through holes 
in the croas-pieces which are above ; 
whilst the other rods we secured, fiea 
their exttemities, to the eroas-jriecesi by 
ptna passing through them. In orierte 
render the whole more secure, the b«n 
pass freely through holes made in the 
two other cross-pieces, the sxirexnities 
of which are fixed, to the exterior ateel 
wires. Aa different kinda of the aasie 
metal vary in their rate of expansion, 
the pendulum, when finished, may be 
found, upon trial, to be not duly compel^ 
sated. In this case, one or more of the 
cross-pieces are shifted higher or lower 
upon the bars, and secured by pins 
' " h holes,* 



4 08. DefmiHon'ef the Lever. An inflexible atra^ht 

bar, AB (Fig. 43), supported 

Fiff. 43. in one of its points, and capable 

„ -a oi moving round tbat pcunt, is 

i' :^ II. J _ I Tl.^ nnlv.1 c. 



4. 



called a Uver. Tbe point C, 
in which it is supported, is 



Ludner's HechaiiicB, Chaptei XXI. 
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cai\ed the prop oTjuIenm;tiad the patta AC, CB, of the 
bw, which extend on each side of the prop, are tenned the 
arvu of the lever. 

^ 99. Power and Weighi. When two forces act upon 
the lever, in otder to distinguish them from one another, we 
call the one power, and the other wetght. 

In all applications of the lever, the weight ia that which is to 
be raised, and by tbepotocr ia understood the force which is re- 
quired to raiae the weight 

§ 100. Kinds of Lever. There aT« three kinds of levers. 
Tm firat has the prop between the power and th« weifht. ■ 
(Fig.M.) 



"••"• r^ 



The second has the weight between the prop and the 
power. (Fig. 45.) 



*~r 



Tbe third has the power between the prop and the 
weight. (Fig. 46.) 



^ 101. Lmoof the Lever. The principal law of the. lever 
is this : T^poieer is to the weight inversely as the distances 
from the fulcrum ; that is, the smaller' the poteer is, tehich 
shall be in tquUibrium teith the weight, the greater must bt 
its distance from the fulcrum. Thus a power of 1 lb, is in 
equilibrium with a weight of 2 lbs., when its diataoce froili 
the fulcrum ia double tiie distance of the weight : if its dis- 
tance is three times as great as that of the weight, it will b6 
in equilibrium with 3 lbs. ; and so on. This ma; be cleatly 
shown b; experiments. The product of tbe power or the. 
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w«ight hy the distance of the fulCTum is called moment. 
Hence the above law maj also be expresaed in Ibis man- 
ner : — Tie power is in equilibrium wi(i the wtigM, tohem 
its moment is equal to the mom^ of the weight. 






wmm 
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To prove this law by actual EsFcatHBUT, take a lever (Pig. 47), 
resting upon the prop,/, b such a manner that the distance of the 
power to that of the weight from the fulcrum may be as 8 to 4, 
or as 2 to 1 ; then a power of 'j lb. will be in equilibiiuin, or 
•qual to the wei^^t of I lb. The moment of the power is, in this 
case, iX 8=4, and the nuncnJ of the weight 1 X 4 — 4 ; coa- 
■equendy, these moments are in equilibrium, liet the lever b« 
now arranged as in Pig. 48, bo that the dlBtance ■ of the power 
&om the fulcrum is 16 incbea, whilst Ihe distance of the weight 
from the fulcrum is but 4 inches ; then i lb. power will be in equi- 
librium with the weight of I lb. Here the momentum of the 
power is 1 X 16 = 4, and that of the weicht 1 X 4 ^: 4 ; con- 
sequently, the moments are equal. The fulcrum placed as in 
Fig. 49, makes tite momentum of i lb. power, by, the distance of 
16 inches from the fulcrum, 4X16 = 3, which, therefore, will 
be equal to the momentum of the weight, 1 X 2=^2. if the 
fulcrum' is still nearer the wiiisfht, as represented in Fig. 50, 
then J^ lb., or I ounce, will balance 1 lb. weight, &.c. 

If the directions of the power and weight are not perpeudieu- 
hi to the arms of the lever, as we have supposed in the last ex- 
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&mplee,'but act at (A- 
lique angles, as repre- 
aented inFig. 51,then, 
by continuing the di- 
rections RA, RB, arid 
dropping upon them 
the perpendiculnjB FM, 
FN, tiom the fulcrum, 
these perpendiculars 
will mark the respec- 
tive dietaneea of the 
weight and power froin 
the prop, iMth regard 
to which, the aube 
leasoning applies as in 
our lastenuaptes.* 




" To undBiatand whj this is ao, 
let UB at first conBideraitrughtline, 
AB, gnpportod nC its lewei end, B, 
in such a nujuer that it mar move 



tba Bsme plme), let act two pow- 
ers, F and Q, one urging the line 
AB in the ditectiDn AF, and the 
other, attheaune liine,uigijigitin, 
the diiecUon Ai^. Let AI? and 
AM represeDt these impulses; 
then it ia eanlj perceived, ^at,iii 
order to prevent the line AB from 
lietns moved in either direction, it ia necessuy that the {bioe P 
Bbonld be to the force Q as the eids AN is to AH, or, which la ths 
nme, as BM ia to BN (BM b«ing equal to AN, and BN to AM) ; toe, 
in this caie, the line AB itaelf,ii) the diagonal nieulting gom the lat- 
aml foroea AM and AN (see 5 7T) . Thia diagonal beine supported in 
B, no modon whatever can take place, and the line AB will remain 
in the state of rest. If, instead of the line AB, we imagine the whole 
parallelogram AMBN supported in B, then it will moke no diSerence 
whether the two forces P and Q act upon the point A, or in M and 
N, provided their directions, AP and AQ, are not changed. Now, if 
yoQ drop the perpendiculars BR, B&, to the direolioBs AP, AQ, re- 
■peetivelf, the two similar Wangles, BMR and BMS, will have 
their two sides BR and BS m the same ratio as BM to BN i conae- 
quently, the parallelogram, AMBN, is still in equilibrium, when Iha 
two forces P and Q aie in proporLion to their distances, BR and BS, 
(tom the fulcrum, B ; and the same will take place, if, instead of tho 
porallelofiam, ABMN, we have only the inflexible angle, MBN ; or 
Ule level, SBR, tDming on the point B : hence the two forees F ood . 
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Tig. ■ 5Sl repreaenta a recUnaoltr 
lever, wheie/istbe fiilcriiiD, ana tiA 
two arms, B/, /A, reapectively, are 
the dislaneea of the weight and power- 
When tha power and weight are dis- 
tributsl^^ in thia figure, a ^ger 
power ia required to balance the 
weight, becauae the arm /A is abort' 
er than B/, and, to eatabliafi Ihe equilib- 
rium, it IS again neceasar; that tt^ 
power ahou]a be to the weight ff 
verael; as the diaUnces/A and/B 
&om Uie fiiicrom. 



[TT 



§ 102. fPhm there an several pineers, p, P (Fig. 53), 
and tetigkts, a, W, operating 
*^* **• tipmi the lever, then they mU 

'~~ " be in equilibriiim when the sum 

of Ihe raoToenls of the weights 
is equal to the sum of the mo- 
ments of the powers. If some 
of those powers or weights are 
acting in opposite directions 
(see Fig. 54), then, instead of adding their moments, they 
are to be subtracted. 

Let the two weights in Fig. 53 be 10 lbs. and 5 lbs., reapect- 
ively, and let their diatance be 4 andS feet from the Mcrum: 
then their momenta would be 40 -^ 10 = 50 ; and, in order that 
the powers P andp may be in equilibrium with these weights, 
their momenta miist also be equal to 50. 



Whence QxBR = PxBS. 
(Saa Gmnd'» PUoe Geometij, Theory of ProportioD 
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In Pig, 54, tbe two weights 
'" ' " " '""" 3 balanced 



ly the three weights P, p, 
•Jid r ; but r, acting id a con- 
tnry' direction, must he coa- 

II ip>>^<i 1 I I I eidered nn additional weight; 

* I and, aji such, ita momentum 

X ' ' ■ 1 mun be either subtracted 

« '' S frwn the Buni of tbe moment^ 

P JP andp, or it muet be added 
w ' to the Hum of the momeDts 

of the weighta W and w. 
Suppose W, u^ and r, weigh 6, 3, and 3 lbs., respectively, and 
that their reBpective distuieeK Irom the fulcrum are 10, 8, and € 
inches; then the sum of their mraientais 60 + 24 -[- 12^::^96, 
which must be equ^ to the sum of the moments of the two pow- 
era P and p, in order that the lever shall be in equilibrium. 

% 103.- Ctm^otatd Lever. By combining scTeral levers 
in Buch a manuer that the weight of the first acts as a pow- 
er on the second, and the weight of this lever agaiA as a 
pMMr npon a third, and so on, a compound levei is formed. 



iP 



ID which a very small power on the first lever may be in 
equilitMiutn nhh a very heavy weight on the last. Fig. 55 
represents sach a compound lever, composed of three sim- 
ple levers, eacbof which is 10 inches in length, and has its 
fulcrum 10 inches removed from the power. The effect of 
this arrangement is easily calculated. Let the power of the 
first lever be 1 tb. ; tlien, accordmg to the law of ^ 101, it 
would be in equilibrium with a weight of iO lbs., and ihere- 
fore exercise a power equal to 10 lbs. upon the second lever.- 
This new power is now in equilibrium with 10 times 10 = 
100 lbs. weight on the second leter ; and this weight, 
acting as a power upon the third lever, is in equilibrium 
with 10 X 100, or weight of 1000 lbs. The advantage of 
Hueh a system of levers consists not only in the immense 
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weight with which a sma]! power may thus be in eqaUibri- 
am, but alio in the space which is sared. 

In the ahore arrangement, three levers of 11 inches are 
employed, occupying, in all, out 33 inches in length. Had 
we wished to balance the same power b; the same weight 
on a single lever, whose fulcrum is at the distance of 1 incii 
from the weight, we shoold have been obliged to employ a 
bar of 1001 inches in length, oocupying anwlditional qtaee 
of 968 inches. 

Utt of tte Lteer. The lerer lervM to ruae heavy irei^ts by 
■oiall powera. There are infinite applicatioiu of .the lerer. 
Among diese, it will suffice to menliou but few. The crowbar 

»g. M. 



tti handspike, AB, represented In Fi^. 56, Is a lever employed to 
Uft a faetny mass, by placing the fulcrum (connnoiily a Mone) near . 
tke weight, and applying the hand as a power in B A pi^er to 
raise liiel has for its fulcrum the bar of the grate on which it 
rests. Scissors, pihccis, nippers, and shears, consist each of two 
lerera, whose thlcrutnis in thepivoU The brake of a pump, the 



macluues, balances and steelyards, t^ which we shaU speak in 
the next Chapter, are ibunded upon the theory of die lever. Fi- 
nally, the limbs of animals and men are levers, of which the 
socket of the bone is the fulcrum. 



or THB CKNTBK 



$ 104. The point in which an inflexible bar, or a lever 
(see Fig. 63, page 93), charged with several weights, 
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must be Buppwted, in order tbat it BhiU neither more in oim 
way or another, is called its centre of graxritg. It maj 
easily be found &om the above law of the lev^r (^ 101, 
page 90). 

^ I05. T^ pressure which such a bar exercises upon the 
prop which st^ports it, is equal to the sum of aU the weights 
with which it is charged. Thus, if the.soni of all the 
weights is 100 lbs., their pressure upon the prop is equal to 
that produo%d by a single weight of 100 lbs. If the sum <^ 
all the weights is 300 Iba., the pressure on the prop wUI be 
300 Ibfl., and bo on. 

^ 106. Every heavy body may be considered as an as- 

teinblage of small aeights, held together by the'attraction tf 

cohesion, as by straight lines. Let us, at first, consider two 

of these weights, A and B (see Figure 57) 

Flf. 57. their centre of gravity will l>e somewhere be 

^ C g tween Aand B, sayiaC. If with this we com- 

/l^ '*™^ " "^^ weight, E, then the centre of gravt' 

Of. W will be somewhere in D (between C and E). 

" " In the same maimer we may combine this new 

centre with a new weight, G, which would 

bring th« centre of gravity somewhere in F ; and it is easily 

Erceived, that, by continuing to reason in this waj, we shaB 
able to find a point in which the whole weight of the 
„ body, consisting of ever so many heavy points, A, B, E, G, 
. Si,c., is concentfated, and which is therefiH^ called the mm- 
tre of gravity. 

$ 107. A^ vertical line drawn through the centre of 
gravity is called the direction of the body's weight, or simply 
the Une of direction. If this line is in any point supported 
or fixed, the body will remain motionless. Such a point 
may be found by trials, by balancing the body on a sharp 
point, or by suspending it : the direction of the cord, which 
is then oiie and the same with the direction of gravity, will 
always pass through the centre of gravity. 

In a. unifbrmly dense body, the ccnirc oferamty is in the centre, 
. that is, in that point of the b^dy around which its mass is equally 
dispoaed. Thus, in a sphere of uniform density, the centre of 
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in the ceDtre, C (Fig- 58). In a prolate spneroid [fig. 
a an. oblate spheroid (rig. 60), it is likewise in the 



In the regular solids, the tetrahedron (Fi^. 61), octahedron (Fig. 
63), and cube (Fig. 63}, &c., it is likewise in the Tniddle ; becanse 
each of these solids may be inscribed in a sphere. 




In a cylinder (Fig, 64), orpriam (Pig. 65), of uniform density, the 
centre of gravity ia in the middle, C, of the axis ; and in a aimilftr 
manner msy the centre of gravitt of other regular solids be de- 
termined. If the body consists of^Bat plate of unifonn density, 
and is bounded by straight linea, its centre of gravity ia yet 
easily found. Let us begin with the simplest rectilinear fig- 
ure, which is a triangle, ABC (Pig. 66). By dividing the basis AC 
into two equal parts, and drawing the line BE, the centre of gravity 



Digiiizcdt* Google 



96 CIHTBK or GBATITT. [CHAF. III. 

win evidently be in this line ; beceusei by dnwing parallel tines 
to the basia BE, we mfty consider the bod^ ts an assemblage of 
leveiB, which, by the line BE, are all divided in the centre. 
For the same reaaon, by bisecting the line BC by tie line AD, 
the centre of gravity of the triftcgle will also lie in this line ; 
because, by imagining paiallelB draws to the line BC, we may 
consider the body as composed of an aasembWc of levers which 
ore all intersected in the centre by the line AD ; and as the cen- 
tre of gravity of the triangle ABC must be in both the lines 
BE, AD, it must, evidently, be in their intereection, G. This may 
be proved by experiments with apiece of thin card. The trian- 
gle being divided by the lines BE, AD, as in the last figure, and 
Uie point G placed on a shafp point, the whole will be balanced. 
" ■. . - j^quijgij ((, gj,^ t)ig centre of gravity of 

a plate, ABCDE (Fig. 67): then, 
by dividing the whole figure into 
triangles, as is done in the figure, 
and by finding the centre of gravi- 
ty of eacli triangle in the manner 
we have Just explained, we obtain 
B three points, m,n,o, in which the 
whole masses of the triangles ABC, 
ACD, ABD, are active. Consider- 
ing, in the first place, the two 
masees m and n, we cb.ii suppose 
~ - them to be connected by a straight 

line, mn, of which the centre of 
gravity may be found by the kw of the lever. Let p be that 
point. By connecting it with the point 0, we can consider po aa 
a lever, where p represents the two masses m and n, and the 
mass of the triangle ADC; and the centre of gravity of this lever 
will be that of the whole plate, ABCDE. 

The centre of gravity of an inflexible bar with unequal weiglita 
upon it, may be found by the law of the lerer, as in the follow- 
ing example : Sup- 
Fif. 98. nose AB is such a 

(f ^~^ osj : let the mass 

aft 1 1 1 :f [-• IJ ofAbellb. and 

■**' T^y-" that of B 5 lbs. i 

then, by dividing 
the whole distance 
from A to B into six equal pwBt, the centre of gravity will be in 
C ; because the distance 1 hy the weight 5 is equal to the dis- 
tance 5 by the we^ht 1. 

If the lever AB is, in the point C, connected with another 
weight, then the joint weight of the two massea A and B will be 
active in C i and it will be the same as if there were but one 




Digiiizcdt* Google 




CHAF. Ul.] CENTRE OF GRAVITY. 99 

lever, whose centre of gravity maj be found aa in tbe first 

.It is not always neceasary that tbe centre of gravity should be 
teilhin tlje body. In a ring, for example, the 
Tig. 69. centre of gravity ie iii tbe centre, C (see the 

figuie) ; and if this point is coimected by thin 
thread with the substance of the ring, the whole 
'. may be balanced on that point. In all these 
examples, we have supposed the masaes of the 
bodiee throughout equally distributed. If this 
is Dot the case, then the centre of gravity can- 
not be found by mathematical reasoning of ho 
simple a nature, but requires the aid of princi- 
ples of analysis which camiot very well be introduced in a trea- 
tise of this nature. But in all such cases, the centre of gravity 
may be easily 
Tig. to. Fig.Tl. found by ejt- 

/, periments. Let 

3 ABCD (Fig. 

d 70) represent 
an irregular 
body;3Uspend- 
^ ing it in C, and 

B maiting the 

^ direction of the 

[dumblinewben . 
the body is at 
rest, we obtain 
tbe direction in 
which its cen- 
tre of gravity must necessarily lie; suspending it after- 
wards from another point, B (Fig. 71), and again marking the 
direction of the plumbline, we shall have two straight lines drawn, 
the common intersection, m, of which will indicate the point 
where the centra of gravity must be situated ; and, by support- 
ing that pcHnt, the whole body will be at rest. 

^ 108. When a body is placed upon a basis, its sta- 
' bility depends upon the relative position of the line of 
direction (^ 107). If the line of direction falls within that 
basis, it will, stand the firmer, the nearer that line falls to 
the centre, and will be liable to tura over when it falls near 
the edge of the basis : finally, when the direction of gravity 
falls without the basis, the body must turn over that edge 
which is nearest the line of direction. 
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TbnH B, right pyramid i 
Fie. T2- 





itanda ssfegt, because Ae line of direc- 
tion, AC {Fig. 72), ftlla in the 
centre of its baaia, EFG ; but 
a body of the form represent- 
ed in Fi^. 73 will not stand so 
safe. Let the centre of grav- 
ity of the pyramid be in C : 
then, in order to turn it round 
the point G, it is necessary 
that the point C should de- 
scribe the arc CD ; but, as long 
OB the line of direction is sup- 
ported, the body cannot fall; 
hence, in order to turn the pyr- 
amid, it is necessary that the 
point C should be moved be- 
yond the arc Cro; becausie, 
when in the point tn, the cen- 
tre' of gravity is yet support- 
ed. In Pig. 73, the point m, 
beyond wMch tlie centre of 
gravity must not be moved, is 
Id the body itself: hence a 
Bligbt push may overset it 



A ball cannot teat upon 
a plane unless its position 

is perfectly horiiontal, be- 
cause only then the line 
of direction, CD, tails upon 
the point D, which is sup- 
ported by the plane. But 
a spherical body Cannot rest 
on an inclined plane (Fi^. 
75], because the line of direc- 
tion is never supported, and it 
will therefore be obliged to 
descend the plane, its centres 
moving all the time in a line, 
AB, parallel to the plane. 
This motion has already been 
conadered in j 89, page 8J. 
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Phenomena e^^Uiiaed bi/ the TTuoiy of Ih* Centre of Gror^. 
What has been said eliout the centre of pavity wil] serre 
to explain a number of phenomena. A large table cannot 
stand firm on a single leg, unless that leg tennmates in a tripod. 
The feats of rope-dancers are greatly facilitated by holding « 
heavy pole; because the centre of gnvity of the'dancer and 
' pole together is then brought near the centre of the pole, which - 
the dancer holds in his band. When a man walks, he tkrowa hia 
body a little forward, in order to make the centre of gravity fall 
in ^le direction of his toes, and assist thereby the muscular ac- 
tion, which propels the body in the some direction. A quadruped 
never raises two feet on tbo same side, because the centre of| 
(p^vity would then cease to be supported. When a porter car- '- 
lies aJoad on his back, he throws his body forward, to bring the 
centre of gravity (of his body and the load) within the basis of 
his feet. If he carries the load on hia bead,fae will go erect ; moA 
when carrying it in his arms, he leans backwards. For the sam* 
reason does a man incline forward when ascending a hill ^ uid 
backward in descending it. When a person-wishes to rise trom 
a chair which haa no back, it cannot be done without inclining 
the body forward, so as to bring the centre of gravity in the Jb- 
rection of the feet ; or drawing back the fiset, so as to briof 
them Qnder the centre ofgravity. 



^ 109. Central and Eccentric Percussion. When a 
moviog body meeta another on its way, it will strike that 
body with a force praporiional to ils moment. If the line 
in which the centre of the striking body moves passes also 
through the centre of tlie body on which it strikes, then the 
percussion or stroke is called central; otherwise it is termed 
eceentric. 

^ 110. Among the numerous cases' of percussion that 
can take place, but few can be made the subjects of elemen- 
tary investigation. Among these we will mention the ftil- 
lowing three : — Percussion of two unelnstic bodies ; percussioK 
of an elastic body with an unelastic body; and, finally, jper- 
cussion of two elastic bodies. 

1. Laws of Percussion of Uneiastic Bodies. 

fj III. When two unelastic bodies strike against each 
other, three cases can occur: — the two bodies may move 
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agatTist each other, and kme equal nutmenti; or they may 
Mooe against each other, and haee imequai moments ; or th^ 
may moet in the same dtreclion, and have unegttal velocities, 
M that the one tahich motes behind must overtalce the other. 

1. In the fiiBt of these cases, the motions of both bodies 
win b« entirely destroyed. 

2. In the second case, the motion of the body whose m»- 
ment was less before the stroke, will not only be destroyed, but 
it toill be compelled to move in the opposite direction, foUotO' 
ing the impulse of the greater moment. Both bodies may 
then be considered as one mass, moving with a velocity 
corresponding to the difference between the original mO' 

3. In the third case, the striking body loses Oi nwcA ofitt 
wumeiU as the other gains: both bodies will continue to 
move in the same direction. 

To iUnatrala these laws, let us, in the first place, suppose that 
Ibe two bails. A, B (Fig. 76), have equal tnasaes and velocities, hut 



(^posits directions. Then it is easily perceived, that, at the 
stroke in C, both motions will be destroyed, and the two bodies 
willTemain in the respective positionB D and B. 

To illiutiate the second case, let us suppose the two Jiodies A 
and B (see Fig. 77) are again moving agninat each other ; btit A 

Fig. TT. 

A D S B 



with the velocity 6, and B with the velocitf 4. Then B will Iom 
its whole velocity by the stroke, A only 4 ; and the remainder, 
3^ will he divided hetween A and B. Both bodies will now move, 
with the velocity 1, in the direction from D to M. 

The third case may be exemplified by two bodies, A and B, 
moving in the same dnvction. Let A'l velocity be 6^ and W» 4 



#-#- 



(the maases being equal) ; then A (Fi^. 78), wUl overtake B, and, 
during the stroke, (^mmunicate. to it oa much motion as will 
equalize their relocities. Both bodies trill continne to move in 
the eame direction with the velocity 5 ; A will have loat 1, and 
B received an addition of 1 to its vekicit;. 



2. Laws of Fercussion of Elastic Bodies. 

^ 112. When the two bodies are both ptrfectly tlastic, 
then the reaction of each of them upon the other must be 
ejnal to the loss or gain tehich it receives from the other. 
Thus, if the one givea the other the impulse 5, it teceives, 
by the elasticity of the other, the same impulse, S, back 
^ain, in the c^posite direction. 

^ 113. The law joat named will finable us to determine 
the three principal cases that may occur in the percossion 
of elastic bodies. 

1. When the two bodies (whose masses we will again 
•oppose to be equal) move against each other ; 

2. When the one stands still, and the other strikes upon 

3. When both move in the same direction, but the one 
which moves behind with a greater velocity, so as to over- 
take the other. 

In the first case, they mU exehtmge velodtiea, and mooe in 
the opposite directions to those they had before the stroke. 

Id the second case, t?ie body tohieh stood still anil receive 
the velocity of the slrilcinff body, and the striking body will 
remain in theplace of the other. 

In the third case, they mill again nchange velocities, but 
continue to move in the same direction. 

If the two bodies, ABndB,movc ^rainsteachother, A witbthe 
velocity 5, and B with the velocity 3, then, after the stroke, A 
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will return with tke velocity 3, and B with the velocity 5. Dur- 
ing the stroke, A lost 3 of its velocity, in the direction from A to 
B (because 3 is the velocity of B] ; but by the reaction of the 
elastic body B, it receives the whole impulse, 5, back agab, in the 
direction &om D to A ; which not onljf cancels the velocity, 2, 
remaining after the stroke, but impels it backwards with the ve- 
locity 3. In the same muiner it ma; be shown that B must 
return fiom A to B with the velocity 5. 



Iffi stands still, and A strikes upon it with a certain velociQr, 
say 4, then the body B will be impelled from B to M with tlie 
velocity, 4, which A had before the stroke, and A will receive B'b 
velocity, which wtw ; that is, it will remain in S. This is fi«- 
qqently seen at a billiard table, when the balls are perfectly 
elastic, Bad is only a modification of the first caae. . 

Fig. 91. 



Finally, let both move in the same direction, A with the velo- 
city 5, and B with the velocity 3. After the stroke, their velocities 
-will be excbangGd ; A will move witlv the velocity 3, and B wrtb 
the velocity 5. This may be explained in the following maimei' : 
— During the stroke, A and B's velocities become equalized. A's 
iurpluB of velocity being 2, it will give 1 to B. Thii, and an ad- 
ditional 1, which A loses by the reaction of B, reduce its velocity 
to 3; while the velocity of B, by the gain of 1, and an additional 1, 
in consequence of the reaction of A, will have increased to 5. 
The directions will remain the same as before the atroke. 
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Fis. 88. 
A 



elastic hody impinges against an un- 
on wtelastiE body against an elastic, 
firm plane, tktn it teiU re- 
bound from it in such a 
way Cftot f Ae angle of tn- 
eidenee is equai to the 
angle of refiettiott. Thus, 
if the body A strikes the 
plane MN in the direc- 
. tion AB, then it will 
lehound in the direction 
BC, making the angle a 
equal to the angle b. 



If the angle of incidence 
la a right angle, it will 
rebound in the direction 
BA (Fig. 83) with the 
aame velocity as it jitruck 
the plane MN. 



nfts arrived in B, it may again be considered as leceiving two 
impalseB, one to move along the plane BN, with a force equal to 
BF, and another to rebound at right angles, with the velocity 
BD. The diagonal force BC, therefore, must make the same 
angle with the plane MN whivli AB made with it This ma; be 
illnatrated by an experiment on a billiard table. 

^ 115. When several elastic bath, of equal maznitnde, 
are suspended in each a way that their centres lie all in the 
same straight line (see the figure), 
then, when the first is raised from its 
position, and let fall again, so «8 to 
strike upon the second, the motion 
will transmit itself through all the 
balls, which will remain in the state 
of rest, and only the last will bound 
oS*, with a velocity equal to that with 
which the first ball struck upon them. 



Fig. S4. 
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Tbe explanation of this phenomenon follows from the i 
cue, page 103. 



VIBRATING MOTION. ACOCaTIOS. 

^ 116. Vibratimu — Sound. ' Whea a body is pat iQ a 
TU>rating motioQ, and the vibrations are going on with a 
certain velocity, they are productive of soond ; and the re- 
verse is also observed, namely, that every body which shall 
produce sound must first be put in a vibrating motion. 

These vibrations may be noticed on a sounding-bell, by bub- 
pending a little ball of cork or sealing-wax, so that it touches tbe 
bell exteriorly. As long as the bell is BoundiDg', the ball will be 
tossed to and fro like a pendulum. Dust or quicksand will be 
throirn off from asouDdlogbody. SmaUpiecesof paper, hanging 
on a violin string, are thrown oS when the bow is drawn. When 
the sound is very powerful, such as is produced by the ringing- of 
aeveral bells, or by tbe firing of cannon, then these vibration* 
shake even walla and houses ; which proves that they communi- 
oate themselves also to other bodies. 

§ 117. Propagation of Sound — JBearing. If these vi- 
bratioQS are any ways propagated, so as to reach our ear, 
we hear the sound, and denote by the word ' hearing ' the 
sensation which the sounding body produces in our ear. 

The difi^rent modifications of sound, its highness or gt«veneas, 
its power or feebleness, the variety of human and animal voices, 
the different sounds of musical iuBtniments, produce each a dis- 
tinct sensation in our ear, incapable of being described. The 
description of tbe huiDan ear, &c. belongs properly to physi' 
oiogy." 

^ 118, Mediim of Propagation. The medium through 
which sound is commonly propagated ia the atmosphere. 
All other bAliea, however, whether solid or liquid, are capa- 
ble of doing the same, in a greater or less degree. 

This may be shown by experiments. The ticking of a watch 
is heard at a distance of several feet,-when the watch is held at 
one end of a board or pole, and the ear at the other. The sonnd 
from a diving-bell is heard through the water, Sic. 

^ 1 19. Vibrations produced in the Atmosphere. The 
vibrations which a sounding body produces in the aurround- 
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in^ Btmosptiere resemble the undulations of wares, and 
consist in expanaiona an 4 contractions, teithout commumea- 
ting to Vie atmosphere a progressive motion. 

This ig the reason why s sounding body produces no irind, 
doep not blow out & candle, &c. It explains, also, why we can 
hear several musical sounds at the same time ; because the vi- 
brations produced in the atmosphere ma; intersect each other in 
various direciioDs, without disturbing each other's motion, like 
the undulations produced on the surface of water by throwing 
Stones into it. 

^ ]20> Requisites of a Sonorous Body. In order that 
a body shall be capable of producing sound, it is necessary 
that it should be elastic ; for a body without dasticity cannot 
be put in a vibrating motion, and consequently will produce 
no sound (§ 116, page 106.) The capacity of a body for 
sound increases with its elasticity. 

^ 13J. When a sonorous body vibrates, there ara. 
always certain points or lines in its surface, which remain 
in the slate of rest. In the same manner does a vibrating 
chord firequently divide itself into aliquot parts. (This dis- 
covery was first' made by Dr. CRladni, of Wittenberg.*) 

The points and lines which remain in the stateof rest, while the 
remainder of the sonorous body is vibrating, may be exhibited to 
the scholars by one of Chladni'a simplest experiments ;—;Take a 
circular or square pane of common window-glaas, cover it thinly 
with pulverized alabaster, and hold it in such a manner between 
^our thumb and finger, that only the ends of them actually touch 
It Then draw a violin bow across its edge, until it produces a 
clear sound. The moment that this takea place, the powdered 
alabaster is partly thrown off the pane, but remains in certain 
fixed places, forming, in most cases, a regular symmetrical 
figure. If the bow be afterwiirda drawn in a different place, this 
flgure will immediately change : the higher the tone is which is 
thus produced, the more complicated is the figure; the.lowest 
sounds produce the simplest figures. — Another experiment, which 
is still more simple, is this. Take a tumbler half filled with 
water, and draw a violin bow or a wet finger across its edee, 
unljl it produces a clear sound. The surface of the water in flie 
tumbler will, at (he same moment, be thrown into an undulating 
motion ; but it will ho easy to perceive that the undulations pro- 
ceed only from certain regular places, while there are others in 
which the water remains entirely in the state of rest. 

* Baa Chladni'a Aconitioa. Iieipzig, 1809. 
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<^ 122. If the places which are exempt from the vibn- 
tions of a sonorous body, are touched with the finger, the 
HOund is not only not pTevented, but not even modified ; 
while, on the contrary, all sound ceases, or is, at least, 
weakened and changed, when one of the vibrating parts is 
thought in contact with some other body. 

When a, stretched chord swings, it generally divides itself into 
aliquot parts, and swings after the manner Tepresentedin Fig. 65. 



If in the points C and D, which remain at rest, smsU pieces of 
paper be placed, they will not be thrown off when the chord 
swings, or when a violin bow ia drawn across it. Nor will the 
souna cease when those points are touched with the finger. 
But if any other point be touched, the sound will either cease, or 
the Bound of the vibrating body will be considerably modified. 

This is the reason whv the tongue of a bell must immediately 
recede ftom it, after striaing ; why a fractured bell does not.pro- 
duce a clear Bound, &c. 

^ 123. Influence of the Leaga, Thickness, and Ttnsim 
of the Chard. Theheightordepth(acutenessor gravity)of 
sound produced by chords depends upon the length of the 
chords, their densities and their thicknesses. The theory of 
vibrating chords may be reduced to that of the oscillations 
of a pendulum ; and it may be proved ma thematic ally, that 
the awBiber of vibrations, and eojtsequenllt/, also, the aeut^ 
ness of sound, are in direct proportion to the square roots of 
the tensions, cmd in the inverse ratio of the lengths aid 
thicknesses of the chords.' 



< degree of force with which they ai 

)b; and N, n, Foi the Dumberofvibntiaiuaacli 
le ; then we ahall huve Ibe following propoi- 
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^ 124. If Uie thicknesses and densities are the same, 
then Ibe number of ^ibrationa U in the i are rae ratio of the 
length ; that is, the shorter chord will give the higher tone. 

This we know from experience ; and it may be proved bya Tft- 
riety of experiments. 

^ 125. Unison. When two chorda are stretched to such 
a degree, and have such lengths and thicknesses, that the; 
make the aame niirnber of vibrations in the aamc time, then 
' they will also give the same, tone, and are therefore said to be 
in uniaon (unisono.) If the chords are made of different 
substances, then there will be a sjteci^c difference in the 
tone, but none with regard to height or depth. 

Whenever a chord ia atruck, an exercised ear will, besides the 
princips.! tone, hear several others sounding with it. This pke- 
nomenon probably originatea in the chord being niore stretched at 
Ihe two enda than in we middle, A tone ia the clearer the fewer 
of these sounds are heard. . This consideration is important for 
Uie perfection of musical instrumehta. On these tones depend 
principally the sweet sound of the ^olian harp. This instru- 
ment conaistB of. a simple box of wood, two or three feet long, 
upon which five or six string are stretched, as upon a guitar. 
When thev are tuned in unison, and the inBtrument ia exposed to 
a g'entle drafl or breeze, some of the strings vibrate entire, while 
the others divide themselves into equal parts. The various notes 
thus produced are generally in perfect harmony, and the gradual 
succession of accords, which at regular intervals strike the ear, 
and mingle with each other in sweet, melodious strtdis, is not to 
be surpassed, inpathos or softness, by the most skilful performer 
on any instrument. But to enjoy all the beauty of the jEolian 
harp, the ear must be well cultivated by music. Any other 
stringed instrument, tuned m unison, will, in a degree, produce 
the same phenomena. 

-§ 126. Octave— Quint— Quart— Tetraekord. When a 
chord, c, makes, in the same time, twice asmany vibrations as 
another chord, C, then it ia called the next higher octave of 
C ; when a chord, O, makes three vibrations, while C makes 
two, then G is the quint of C; and when c makes four vibra- 
tions to G's three, then c is the gu'art of G. 

Thus the ratio of the first (which is called the fun- 
damental tone, C) to its next higher octave, is aa . . . 1 to S 

That of the qumt, G, to the fundamental tone C, aa . 3 to 8 

And tiiat of the quint, G, to lis quarts e, which is at the 

same time the octave of C, as 3 to 4 

10 

D,g,l.2cd|v,G00glc 



§ 127, Gamut — Diatonic 8cak. There are sevGD 
principal tones or notes in an octave from G to c •■ these are 

C, D, E, F, G, A, B, e; 

of which C is called t)xe fimdame^ai tone, D the teemd, E 
the tierix, F the quart, Q the ^int, A the slxt, and B the 
fi^ftna,of the fundamental tone, C. These seven tones are 
what, in music, is cdled the g€mttit, or diatonic scaie. 

^ 128. Numerical Value of Notes. By the nwnerical 
vmue of a tone or note, we mean the numher of vibtatioas 
which it makes, while the fundamental' tone makes l.vibra- 
tioo. Thus, if the fiindamental tone is I, the value of the 
next higher octave is 3.; that of the next lower octave, i ; 
that of the next higher quint, ^ ; that of the next lower 
quint, J ; that of the next higher qiiart, % ; and thaC of the 
next lower quart, J. _ ' 

The numericBl values ofthe seven tonfesornotes of the diatonie 
•cile, derived fiom these, are nearly as (blloiv : — 

C. D, B, F, G, A, B, c. 

1, I. Si. ♦, 5- f*. ¥, 2 

§ 129. Musical ItUerval. The ratio o{ one tone to an- 
other — for instance, that of the fundamental tone to the 
second, which is 1 to | — is, in music, termed the interval 
between C and D. 

^ 130. Inequalities of Musical Intervals. The Buccee- 
aive mtervals between the seven tones of the diatonic scale ■ 
are not equal to one another. The ratio of the fundaments] 
tone'C to D, for instance, is not the same as that of £ to F, 
or a to B, Thus, although E is the tierce of C, F is not 
the tierce of D, G not the tierce of E, &c. 

\ 131. Chromatic Scale. On this account, the diatonic 
scale does not satisfy the demands of modern music ; and in 
its stead is used the ehromatie scale, which has five addi- 
tional semitones, inserted between C and D, D and £, F 
and G, O and A, A and B. 
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The numeiieal ralvea of tliese notes are u fbllov ^— 
C, C fharp, D, D shMp, . E, P, 

1. Hh f U, t. - ti 

M^ PXpntnei in decimala, 

1.0000, 0.9493, 0.8688, 0.84?7, 0.8000, O.7SO0, 
F sharp, G, Q ehup. A, A ehar]), B^ ' 

' H. , I. T^iV- ^*. A. A. 

0.7111, 0^666, 0.63S8, 0.5963, 0.5625, 0.5333, ~ 

S. . 
OJWW. 

Here the numerical values of A and E differ a little from those 
given \n the diatonic or natural scale. This impurity, however, 
Wfu necessary, in order to make the intervals, aa nearly as poesi- 
ble, equal to one another. It is particularly indiapensable with in- 
struments which have hut twelve notes in an octave. No musical 
tnitrament, nam^j, can give every interval as clear and distinct 
as the human voice. The moat perfect of all, and that which 
approaches nearest to it, in purity and vaiiety of tone, is the 

There are yet other scaJes, used by iBompoflers of mnaie : is 
Germ^, for instancSjthe equally- tempered Male (aieichschwe- 
beude TemperatuT.) The chromatic scale, however, is generally 
Inferred. 

$ 133. Harmony — Discord. When several notes are 
sounded together, they either produce on agreeable or a dis- 
agreeable sensation in our ears. In the first ease, thej are 
Enid (o form. harmony , or concord; and in the second case, 
£scord, or dissonance. To give an example : the fund&' 
mental tone and the quint always produce concord ; the 
•econd . and septima always discord ; the fundamental tone, 
C, the tierce, Q, the quint. A, and the octave, e, give a per- 
feot accord. 

^ 133. Melody. Melody consists in a succession of 
simple and suitable notes, following each other in regular 
intervals of time. In the choice and arrangement of these 
notes, and in the regulation of the time in which they are 
to follow each other, coaaista the dHficulty, and, at the aame 
time, the.beauty of musical compositions. 

The reason whf the striking of several notes at the same time 
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ifl in some cases sgreeoble and in others disagreeable to the eu, 
cannot be Batisfactorilf eiplained, uxi forma a. proper sUbjecttbr 
physiology. 

DiBson&ncea in a melody frequently serve to enhance the beau- 
ty of the following bannojiy. Mozart's compositions, which may 
serve as moJL.14 tc all ages, afford striking ioslajices of such arti- 
ficial dissonances. 

^ 134. Very iiigh or very low tones are no longer audi- 
ble. Five or six octaves probably comprise the- whole 
system of notes lit for music. 

The deepest audible tone is produced by an open organ pipe 
of thirty-two feet length. 

§ 135. Remarkable Discord on the VioHn. Very re- 
markable is the sound produced on a common violin-string, 
by drawing the bow under a very acute angle. The 
chord, instead of making transversal vibrations, will then 
Tibrate longitudinally (lengthwise). 'I'he sound thus pro- 
duced is exceedingly disagreeable to the ear, and is frequent- 
ly from three to five octaves higher ^han the natural tone 
produced by the chord's vibrating transversely. 

The height or acuteneaa of the sound thus produced does not 
depend upon the thickness or tension of the chard, hut solely upon 
tta length. The phenomenon just described explains, in some 
degree, why the discords on the violin are mors -disagreeable 
thtui those on any other instrumenL 

>§ 136. Propagation — Velocity of Sound. The veloci- 
ty with which the vibrations of a sounding body are propa- 
gated through the. air, is from 1036 1o 1040 Parisian feet, 
or from about 1105 to 1110 feet English measure,* in a 
second of time. 

Different densities in the atmosphere — dampness, heat, winds, 
&c. — modify the propagation of sound through the air, which is 
the reason why its velocity varies froOi 1105 to 1110 feet in a 
second, A loud qound can be heard farther than a low one, be- 
cause greater vibrations of the sonorous body communicate more 
motion to a greater number of partJcles of air. The propagation 



. . _. ^__. l.SeiteSl.) 

Chladni'B Acoostio. Leipiig, 1303. (Since tronBlntod ii 
French, by the author, upon & demand of the ikte emperoi Napcdeoi 
Perolle, in Gilbert'. AnwiLi of N.l. Phil. V<J. II. 
Biot, TnUb de Phjidque eip^ihuenl^, Tom. II. 
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of affiiiid thmi^h t^e medinni of other bodies bak Dot, as jet, 
been sufficiently investigated. Chladni's experimeDta, however, 
show that eolid bodies propagate the sound better and quicker 
tlian air. Biot and Haseufhltz found the aame by experimenta. 
^ 137, Raya of SmiAd. The vibrations which every 
sonorous point cauaes in the surrounding 
F4> B». atmosphere, may be considered as raja of 

sound, emanating, in all directions, from 
" the sounding body {see Fig. 86), and 
making regular pulsations in a, b, c, d, e, 
&c., vrhete the air is compressed. 

„ Since these rays are nearer together, in 

a ieae £ the neighborhood of the sonorous body, 
than farther from it, it is evident that the 
eonnd will be heard-better near it than at a distance; and 
it may be proved mathematically, that the intensity of sound 
dtereases in tie inverse ratio of the square of the distance. 
Thus, at two rods' distance, the sound is four times weakef 
than at one rod's distance : at thi%e rods' distance, it is 
nine times weaker, &c. 

Until now, but few experiment have been made on Uiia subject ; 
yet the truth of the mathematical theory, which is founded oa 
the known property of the aec^na made paiallet to the baa!? or 
> cone, cannot be doubted.* 



Sig. 87. 




be circles. ' The two similar triangle 
the proportion 

AC L AP : : BC 



Let A be a aono- 
rous point, from 

which emanate rays 
of sound in a coni- 
cal form, as repre- 
sented in the figxire. 
Suppose these cones 
intersected by the 
two planes, BD, EG, 
which, as we know 
from geometry, wi]l 
, ABC, AEP, wUl ^ve 

EP; ' 



, Sect. 1)1. Of Cones, Sd Cmuw- 
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bst thedictea BD, EG, beii^ in pioparticak ta the sqoftrea of tbeir 
ndii, ghre tke proportiDii 

BC : EF< : : uicle BD : circle EG ; 
beoM AC : AF» :: ciidoBD 1 circle- PG; 

whicli was to be proved. 

§ 138. RtjUctimi of Smi*d—Ecko. We koow firom 
expenence, that, when >. ray of sound strikes on afirm plane, 
•il is rrJUctrdJrom il, according to the laF of persusBiofl of 
elastic bodies^see § 114, page 105) ; and the angle. of inci- 
dence is equal to the angle of reflection. 

Onlj the laat pulsation — that is, only the few particles of 
air, which, in their vibration, strike the plane — are really le-, 
fleeted ; bat these immediately create new pnlsationa in the 
air, and form what is called the rajr of reJUttum. This ex- 
plains the phenMnena of the echo, the i^ieratioD of the 
acoustic tube (which is so constructed that the sound which 
strikes its inner sides is 'reflected in parallel rays), the use 
of the qwaking trampet, the whispering gallery, &c. 

ns- BB. Fie. m. 




When a ray of sound, AC, (fHg. SB), meets a finn plane sur- 
face of sufficient magnitude, at right angles, it niJI, according 
to the lav explained ^ 114, pn^e lO.'i, be reflected in the same 
directioD ; hence an ear, placed in the direction CA, say in B, 
will hear this reflected sound, which is known by the name of 

If the ray of sound strike the surface at an oblique angle, as 
represented in Pig. 89, then the ray, heiug reflected in such a 
msnner that tbe angle of in£ideQce,a,i3 equal to the angle of re- 
flection, b, the ear, placed in the directioD BC of the reflected ray, 
will bear the echo. 



Digilizcdt, Google 



CHAP. 111.] 



115 



1^.90. 



Sometimes aeveali echoes arc lie&rd. This in the esse when i 
the sound ia reflected from several aurfacca, at unequal distances 
ttam the sounding body, the sound being, in this case, reflected 
Booner from the one than from the other ; or when the sound em- 
anates from a point situated between two pBrallel planes, from 
which it is niu- 
' tuaJly reflected. 
Let AB (Fig. 90.) 
be a ray of sound 
striking one of 
the two parallel 
planes, ntn, mi; 
the angle of in- 
cidence, a, being 
equaJ to the angle 
of reflection, b, 
the sound will be 
reflected in the direction BC ; but meeting in C the plane op, it 
is again reflected, according to the same law, in the direction 
CD; and so on. This reflection of sound is similar to that of 
light produced by two parallel plane mirrors, and continnes until 
the aound is no longer audible, if the planes are sufficiently hi 






ny ab vrill be reflected back to a, \iie sound c 

the rest A very low sound, therefore, will, by the reflection 

from the wall, be audible in the centre. 

If the shapeof the hall be elliptical, as represented in Fig. 93, 
then every sound emanating from the point F will he reflected 
to the other focus,/, because it is the property of an ellipse to 
reflect straight lines from one focus into the other, making the 
angles of incidence equal to the angles of reflection. Li sach 
a hall, or building, a person standing in F wUI hear distinctly 
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every whisper proceeding from e. person in /, whilst, to a person 
in n^.mucb nearer the point F, the sound would soaiEely be Midi- 
Ue. Such a building is called a Kkitptring gallery. 



When the voice is thrown into a apeaking 
trumpet (a section of wliich ia represented in 
Fig. 93), the vuod is reflected from the sides 
in parallel rays, and, being thereby prevented 
ftom spreading equally in all directions, b by 
this means carried farther than under ordinary 
circumstaoees, and is, at the same time, much 
louder than when ottered in the usual maiuer. 



^ 139. Wind Instrtiments. When air is blown into 
flutes, tmmpets, boms, or other wind instruments, it firpt vi- 
brates loDgitudinally (lengthwise); bat the sound thereby 
produced is modified by the difierent reflections &om the 
sides of the instrument. By the openmg or closing of the 
holes or keys, the length of the vibrating column of air is 
either extended or diminished, and by that means the differ- 
ent notes are obtained. 

The reasoQ why the sound is not prevented, by touching these 
inHtrumente with the hand, is because it is not the substance of 
these instruments, — for instance, in trumpets, not the brass of 
which they are made, — but the column of air which is vibrating in 
it, which produces the sound ; and these vibrations are not 
checked by iouching the instrument outside. It is quite the re- 
verse with chords or bells, which, by their own elasticity, are pro- 
ductive of sound. Bassoons and flutes must be made of wood, 
and not of metal ; because, metallic substances being more elas- 
tic, the vibrations of the air would communicate themselves to 
the instrument, and thereby destroy the purity of its Cone. For 
the same reason are very elastic metals, such as silver, brass, &Ct 
unfit for the building of organs. Metallic speaking trumpets 
convey the articulated voice less distinctly (although farther) 
than tiiose made of wood, or even pasteboard. 

REtuKX. The description of the humaii speaking organs be- 
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loBpt to phyaiology, and may be given by ibe teacher. (See 
CcOdwell'i tiMelatiota of Blumenbad's Fhyaiology, VoL I. Sect 
XII. OF Voice and Speech.) 



OBSTACLES OR HINOBANCEB OF MOTION. 

^ 140. Hindrances of Sfftion. — No bodg has a ptrfecl- 
fy smooth and even surface, even if it appear so to our senses, 
because all bodies have pores or interstices. (^ 8, page 16.] 
Thus, when two bodies, ever so well polished, move upon 
one another, the little prominence; and cavities caused by 
tb«ir poT'^s, catch into each other, and thereby resist or re- 
tard their motion. This resistance, which is commonly 
termed friction, is one of the greatest hindrances of 
motion. 

,§ 141, Laws of Friction. The laws of friction cannot 
very well be fixed, because we have no precise measure of 
it. Nevertheless, we are eiiabled by experience to lay down 
the following principles i — ■ 



■ When a body n 
more protDberanci 
force to glide over orovercome tl 

2. If the pressine of the mass of a body is throughout the 
same, then the friction does not increase with the magnitude 
of its surface, 

. When a greater surface is presented, more particles are rubbed 
against each other ; but the pressure upon any particular part of 
the larger sur^e issinaller than when the aanie preaaure is 
exercised upon a smaller-eurface. 

3. The more uneven a surface is, the greater is the fric- 
tion, supposing every thing else to remain the same. • 

Very even and polished suffacea incrtaae friction, because pol- 
ishing favors their mutual attraction, by allowing them to touch 
each other in more points. [See § '34, page 35.) 

4. The amount of friction is seldom more than one third 
of the pressure. 
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SometimeB it ii9 only one fourth, one fifUi, one tenth, and, even 
& lera port of the pressure of the bodies which are iubb«(l agfainst 
each other. 

5. The friction of woods and metals is greatest upon . 
woods and metals of the same _ kind. Thus the friction of 
wood on wood is greater than that of 'wood on brass ; and the 
Iriction of brass on brass greater than.that of brass on steely 
or OD wood. 

6. The friction of wood is less when moTed lengthwise 
(parallel to its fiWes) than when moTed transversal (against 
the grain). 

7. The friction of metals is increased by heat, that of 
wood by dampness.* 

^ 142. 'Whea>a heavy body is placed upon a horizontal 
plane, which supports its whole weight, then the least im- 
pulse parallel to the plane ought to set it in motion. Nev- 
erthelesB, the frictios on its surface presents considerable 
obstacles to the smallest change of its place. It is friction, 
also, which preTents the falling of a body on a moderately 
inclined plane; which enables us to climb up mountains, 
ascend or descend on inclined planes, &iC. 

A cask may be moved more easily than a box ; because, by the 
rtdling of a cask the friction is overcome in a manner similar to 
the polley. ,^ 

^ 143. Means of aooiding Friction. Since friction re-) 
tards motion, it must be avoided, as much as possible, in 
machinery. This is effected in three ways i — 

1. By bringing only sucA bodies in contact with each 
other, whose friction, we know from experience, b compar- 
atively small. 

2. By diminishing the points of contact. 

S. By owspreading their surfaces with oil, tar, soap, fat, 
or any oHtsr substance which we know dtminiBhee friction. 

§ 144. RtsisttmceoftKeAtmosphen. Another obstaelo 
of motion is the resistance of tbe#ta)oq>here. The greater 

* Tob. Mayer, Nat. PhU. fuge 160. 

Goulambe, mr la Tb^rie dea Hschine* nmple*, en ayant egitrd u> • 
Frotlement. 1781. 
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&e veiodt^ of the body, and the surface which is presented 
to the mr, the more particles of air will it have to remove on 
its way; the greater, therefore, viill be the resistance of the 
atmosphere. 

§ 145. Laws of ResisfamK, ^c. The resistanoe of the 
ktmosphere increaaes as the square of the velocity of the 
moving bod;. 

Pot when a. body movsi with double the velocity, it baa to re- 
move tjeice as nmnj puticles of air, with double the speed ; the 
reai^uice of the a^esphere is therefore twice fi^4. If moving 
with 3 tiroea the velocity, it will have to' remove 3 times more 
pBiticleB, 3 IJmes more swiftly ; the resistance ia then 9 ; aod 

§ 146. Rtiistanee of Water. The resistance of water 
to a moving body is greater than that of the atmosphere ; 
water being less elastic, and its'particlea being not so easily 
removed, as those of the atmosphere. Without this re- 
sistance, there would be neither , swimming, nor stirring, 
nw.'iB short, aaj voluntuy motion, neither in water nor in 
the air. 

Here it would be easy to ezplajn tlje principles bf swimming of 
men, animals, and fishes, the flying of birds, &c. 

§ 147. If a atone or cannon-ball impinges, under a very 
acute angle, on a' sheet of water, it will be reflected from it, 
without entering, and the angle of reflection will be equal 
to the angle of incidence. (^ 114, page 105.) 

^ 148. Through friction and the resistance of the at- 
mo^here, every body which is in motion must finally be 
brought to rest. 

^ 149. If the infinite space in which all celestial bodies 
move, and in which our earth itself performs its orbit, is 
filled with a thin, subtile fluid, then the resistance of this 
fluid must necessarily modify their motion. The eiistence 
of each a fluid has been lately aicertained beyond a doubtt 

* S«ePro£'Prechtle'aezperiiaeaIs,ia llu Annuls of the Polytech- 
nio School in Vienna. 

t S«e Tab. Mayer's Nat. Phil, page 168. Also, SchrSter on Com- 
•ti (Neueate BeiCrflge zur Erweitonmg der Stemkunde, von Dr. 
SthrOler. GOttingen, laOO). 

Alao, Schroter oa the Comet of 1807. 
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RECAPITULATION. 



QDESTION8 ron RBTIBWmO THE MOST tUPORTAKT fhinci- 
PLE8 CONTAINElI IK CHAPTER III. 

[^ 51.] What do you call the absobitt place or poBition 
of a body t How are you led to the idea of situation or 
relative position 7 What do yoa call motion? 

Can absolute motion be perceived through the medium of our 
MDsee ? How, then, becofoe we coiracioua of motion ? Give ex- 
amples. Why does absolute motJon not. come within the reach 
of our BenaeB ? 

[^ 53.] What do you cdU that stale of a body in tehieh 
it continaes vithotit motion or change of position 7 



[§ 54.] What does erery Icind of motion lequireT 
Why t , , 

[§ 55.] What leads us to the idea of velocity t How 
is velocity estimated 1 Which of two bodies is said ^ have 
the greatest velocity t 

Give an example. ' ' 



[§ 57.] What, power has every body in motion with re- 
gard to another body which it finds on its way 1 When do 
we Hay a body, A, has imparted motion to a body, B 1 What 
relation exists always between action and reaction 1 Why t 

Give an example. 

[^ 58.] What must mery mofton, as atU as every change 
of tt in velocity or direction, proceed from T , 

/n lehat state would every body remain, without suck a 
cause? What is this universal principle celled? Give in- 
stances proving this principle. Which are the two princi- 
pal obstacles or hindrances of motion 1 By what process 
of reasoning can the doctrine of vis inertia be establish^, 
independent of any experiment? 
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["5 59.] What do you aadeTatand bj the term foret f 
When do we say that a body haa recei»ed an impulse f 
What tendency does ever; such impulse give a body 1 

What are the principal moviDg forces in nature ? 

[^ 60.] What does the in^arting of molien require? 

How can you show thia by an ezperimentP 



Questiom ott the Lates of Motion. 

[^ 61.] When ifl a body said to be in unitbrm motion t 
What gentral law folhnes from this definition ? Of two 
bodies in uniform motion, during the same number of sec- 
onds, which is said lo have the greater velocity T If the 
times are unequal, which of two b<3ie3 of the same velocity 
will describe the greater space ? 

In what proportion are the velocities of two bodies, A and B, ■ 
of which the former has passed uniformly through 100 feet in S 
seeonde, and the latter through 50 feet in 10 aeconda ? 

[§ 62.] How do youjiiid the space described by a body 
in uniform motion f Give an enarnple. What ia the space 
described by a body in uniform motion during 12 seconds, 
with a velocity of 5 rods per second T What that of a body 
in uniform motion during 10 minutes, with a velocity o^ 3 
miles per minute? 

[§ 63.] In lehat proportion are the spaces described 6y 
two bodies in uniform motion 7 

In what proportion are the spaces described by the two 
bodies A and B, of which the former has been in motion 
during 3 minutes, with a velocity of 5 feet per minute, and 
the latter during 5 minutes, with a velocity of 4 feet per 
minute ? £i lekat proportion is the teloeity of two bodies 
in uniform motion f Suppose two bodies, A and B, had 
passed, A throagb 20 feet in 4 seconds, and B through 40 
feet in 10 seconds, in what ratio are their velocities 1 

[^ 64.] Tnat power Aas eeery body in motion loith r^ 
' gard to another body which it finds on its way ? On what 
U 
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doea the degree of this power depend 1 Which of two bod- 
ies, which move with the same velocity, will exercise the 
greater power ? Which of two bodies, whose masses are 
equal, will produce the greater effect t * 

[§ 65.J How is thtpoaer of a body in motion neasaredf 
What do you call the product of the mass into the velocity 
of a body T What is the momentum oi moment of a body 
whose mass is 40 lbs., and velocity 40 feet per second? 
What that of a body whose mass is 100 lbs., and velocity 
10 feet per second ? 

Give instances of small bodies producing greater effecta bj 
their velocitiea than large bodies with little velocity. 

[§ 66.] In tehat proportion must the poicer be rBiici is 
requisite to impart to a bod^ a certain velocity 1 What 

riwer is required to impart to a body of 40 lbs. the velocity 
? What, to give the velocity 4 to a body whose mass ia 
10 T Qire instances from nature, in which a great velocity. 
given to a small substance produces surprising effects. 
Give instances where a small velocity given to a large mass 
- produces similar effects, 'What, therefore, is necessary, in 
vrder that ttno bodies, A and B, ihall haee equal moments f t 

[§ 67.1 What is necessary, in order that a body shaU. 
Hwpe with uniform velocity ? How long, then, would the 
body continue in motion 1 

[§ 68.1 What kind of motion does a power produce, 
which, alter having communicated motion, continues to op- 
erate in the same direction during the following intervals of 
time? What is such a power called ? 

[■§ 69.] What kind of motion takes place if the veloci- 
ties imparted are in proportion to the times ? What is the 
power which produces such a motion called ? 

[^ 70.] Which is the most remarkable uniformly accel- 
erating power in nature ? 

[§ 71.] How can you satisfy yourself that gravity ia 
really a uniformly accelerating power? Would it make any 
material difference if there were intervals in the operation 
of gravity 1 Why not 1 

* Those pupila who are ocquBinted with algebra, or geometrj, naj 
■tate the proportions in the note In pi^ 55. 
1 How csn f ou expreu the pnncijilM contaiiMd in $ 65, ^ €6, 

nuthematicaJly ! 
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[^ 72.] Which (B-« the four principal laws of faiUitg 
bodtes ? (The answei to tSie question is contaioed in the 
teit in the italics, 1, 2, 8, 4.) 

How cm you prove that the space described by a free fall- 
ing body, in a certain time, is always equal to the ipace tiirough 
which it would have passed, bad it moved Dnifonnlf , with half 
the final velocity ? How can you prove that the spacea through 
which a fallio^ body passes, in a succession of equal intervals, are 
' 1 proportion to the odd numbers, 1, 3, 5, 7, &.c. ? How c 



ptove that the whole spaces described from the beginning are 
proportional to the squares of the whole times ? * How can you 
prove the correctness of these laws by actual experiments ? Ex- 
fieiD Atwood's ItiUing machine. (Fig> I1-) 

[^ 73.1 Through how many feet does a free falling body 
pasB in tne first second ? By vAai rule do you obtain a 
iodg'i perpendicular descent ? t - 

Sappoaing you knew a body had freely faJlen during the time 
of SMconda, how should you calculate its perpendicular descent? 
What rule is there liir obtaining a body's perpendicalai descent? ji 
If the space through which a body has fUlen is known, how can 
you find the time ? Supposing the body had fallen through a 
apace of 400 feet, what would have been the whole time of ita 
fUl ? What time would a body need to fall through the space 
of 576 feet ? What time to fall through 1034 feet ? What to 
fall through lfi,000 feet?' What phenomena do the laws of free 
fiilling bodies explain ? What applications Are made of these 
principles ? 

[^ 74.] Has the mass of a body any influence upon, or 
does it in any way modify the laws of falling bodies T Why 

Is the falling of all bodies equally accelerated by gravity ? 
What are all diS^rencea in time and velocity solely attributa' 
ble to ? 

Explain the experiment represented in Fig. 12. 

[§ 75.] How does gravity affect the motioit of a perpen- 
dicularly ascending body 1 

Explain the table, page 65. 



* Haw can von eipress the four laws of uniformly acceleratsd n 
tian malhematiCBllv ! 
t Express this Tole mathematically. 
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Compmaid Matitm, Rtsohoion, tmd Composition of Forces. 

[§ ^^] -C^ " ^^V *^> "t '^ same time, solicited by tiro 
•equal opposite forces, what must necessarily take place! 
What are these forces Baid to be! What will be the re- 
mit, if the tiBo forces, which act upon the body in opposite 
directions, are unequal? 

Biplaia Fig, J3. 

[^ '^''■] V '*e directions of the two forces which so- 
licit the body make an angle with each other, what direc- 
tion will the body then folhnu 7 How can you explain this 
bj reaaoning 1 

How can you prove it by an experiment? Explain Fig. 14. 
By what other eiperiinent can yoa prove it ? Explain Fi^ 15 
and l& 

[^ 78.] What do you call the motion you have just con- 
■idered T What are the two forces AB and AC, in I^. 
14 called ? What do you call the force represented by the 
Kne AM? What relation exists betveen this force andihe 
- beo forces X'R, AC\ What importaitt law foUows from thit 
principle? Explain Fig. 17. 

[^ 70.] Can the principle of the reaplfltion and compo- 
sition of Ibrcee be applied also to three or more lateral 
fojcesT Explain Fig. 18. 

Give examples of the resolatjon and composition of forces 
Aom nature. Elxplain the motion of a boat when crossing a 
nver. (Fig. 19.) Explain the equestrian feata. (Fig. 20.) Give an 
example of the composition of forces. (Explain Fig. 21.) Ex- 

Clain the descent of a heavy body from an elevation of several 
undred feet (Explaio Fig. 23.) Have experiments of this 
kind actual]; been made ? Where ? 



AppBeatiMt »f the Composition and Resolution of Forces 
ti^he Theory of Curvilinear Motion. 

[^ 80.] If a body reaeivea an impulse in one direction, 
and is, at the same time, continually attracted by another 
force, what kind of motion will then take place T 

Ans, The liody will, then, in every moment of its mt^ 
(ion, be turned from its direction, and describe a curve line. 

Quest. How can you show tbisi Explain Figs. 23 
and 24. 



Digitized t* Google 



bfS, 



. III.] BECAPITULATION. 131 

81.]^ Wiat is the name of a force lokich attracts m 
ly continually toward otte and the same point 7 JVhat i$ 
the name of that force which urges it continually to rteedt 
from that point in a straight line? What are both forces 
' called? If, at any time, one of these forces should cease 
to operate, id what direction would the body continue to 
mofC 1 What motion would take place, if the ceDtripetal 
force only should remain ? What, if only the centrifugal 
force remained ? 
On- what does the nature of the curve line reaultinr from the 

Ct 'action of the central forces depend ? What hne does a ■ 
y deacribe, when the impulsea of Uie centripetal force are in- 
Tersely as the squares of the c«ntriAlgal force ? To what mo- 
tion does this apply ? 

[§ 83.] Is the attraction of gravitation the rally cen- 
tripetal force in nature T What other forces may be substi- 
tuted for itT (Explain Fig. 25.) In what proportion does 
the centrifugal force increase ? Explain Fig. 36. 

[^ 83.] Does the experiment alluded to in ^ 62 nnder- 
go any material change, if, instead of a string, a solid hin- 
drance were substituted T What do you call a straight Unt, 
passing perpendicularly through the centre of a revolving 
oody ? What is the body said to do? 

Give an instance of this kind. Give examples of the joint ac- 
tion of centrifugal and centripetal forces, (Explain the experi~ 
ment represented in Fig. S?.) What caution ouffht to be used in 
tuminff a carriage or vehicle round a comer? Why? How 
docs the centTitu^l force, generated by the revolution of tba 
earth on its axis, affect the attraction irf gravity ? (Explain Fig. 
38.) What other eS'ect does the centrifii^ force produce in the 
tb^e of OUT glolie ? Explain Fig. 20. 



Further Appliration of the Theory of Composition and Reso- 
lution of Forces to the Curvilinear Motion of a Body 
ihroten up at an Angle with the Direction ^ Gravity. 
[■5 84,] If a body is thrtfwn up in a direction making an 
oblique angle with the horizon, what kind of line will it de- 
scribe 1 Why T Explain Fig. 30. 
What i» the name of the curve which the body thus deseribtt ? 
[^ 85-] Jf a heavy body is projected horizontally, that 
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ts, at rigid angla tnth the direction of graexly, in what 
time, independently of its vthcity, will it reach the ground? 
ExplaiD Pig. 31. 

[^ 86.] With what does the. distance to which a projec- 
tile may be throtott increase, besides the horizontal velocity J 
(ExplaiD Fig. 33.'j Explain the case when two bodies are 
both thrown -with the same velocity, but from unequal 
he'^btBt (Explain Fig. 33.) In tckat proportion ■'- the 
^stances increase, when the velocities are equal? 

[^ 87.] On what does the sweep of the curve depend t 
Explain Fig. 34. 

What motion of heaTenljr bodies is analogous to this ? 

[^ 6S.] What important truth have philosophers dis- 
covered in reference to the attraction of gravity ? To what 
otbeT cases does this law apply 1 , 

Motion OK an Inclined Plane. 

[^ 89.] What do you understand by an inclined planet 
What takes place if a heavy body is placed upon it? 

[^ 90.] What is the laie of taotion on an inclined planet 

How can you here apply the law of the decomposition of 
forces P 

[^ 91.] On what does the velocity of a body moving on 
an ineluud plane depend 7 What law is there respecting 
the aagle of elevation X What motion takes fdace when 
the an^ of elevation is a right angle ? What takes place 
when the angle of elevation ia zero, that ta, when the plane 
is parallel to the horizon 1 

K 92.] Wliat pwoer is required to slop the motion of a 
body on an inclined plane ? • 

How can you show this by an experiment ? 

Towhstisthe whole tlieory of motion on an inclined plane anal- 
iw may both theories be illustrated ? (Explain Fig. 30.) 
lie principal epplicatioDB of the inclined plane ? 

'ho' underetiuid gaojaetry may give the geometricaJ dem- 
rthii law, given in the note to pa^e S3; and also the re- 
ifsteree which may be dra.wa Dom the principla lud 
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Oscillations of a Pendulum. 

[^ 93.] What do you cdl a peDdulum T What a sim- 
ple pendulum T What may be considered a simple pendu- 

[§ 94.J When a pendulum is raised from its perpendicu- 
lar to an inclined position, and then let free agam, what 
will take place ? What do you call the angle by which the 
inclined position of the pendulum (to which it is raised) 
difiers from the perpendicular direction 1 

How can you explain the operation of the pendulum? (Ex- 
plain Fig. 40.) Why does tJie pendulum not continue to swing 
forever ? 

[^ dS.] What is tht most remarkable property of the 
penduhim ? h the duration of the oigillatirms of a pendulum 
tnfiuinced (y the length .of the arc tekich it describes ? 

[^ 06.] On mhat does the time akich is needed for one 
atciuation depend? What law is there with regard to 
this dependency 7 CUve examples <f the application of t^s 
law." 

[^ 97.] What are the uses of the pendulum ? (Explain 
Fig. 41.) What laas in reference to terrestrial ^Obity are 
veenabUd to proee urith thependubim 7 What^is'thk pendu- 
htmthe best regulator of 7 What is the only modiScaiion to 
which a pendulum is subjected 1 How is. this obviated t 
Explain Fig. 42. , ^ 



Of the Lever. 

[§ 98.] What do you call a leeer 7 What is the point 
in which the lever is supported called ? What do you call 
the arms of the lever ? 

[§ 99.] When two forces act upon the lever, by what 
names do you distinguish them from one another 1 

* Ace theae nccelentioDs uniform ? Why not ? If T, t, lespectiv*- 
Ij, represent the times needed for one oacillation, and L, I, the leepeo- 
Qt* length of Uie pendtilume, how may these proportions beeiprened 
^thematicslly ! By wfa&t formula, is the whole dnialiaii of an oadl- 
Ution eipreued ? What does this fonnnls enable na to find ? 
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[^ 100.] How many dlfiereat Sunds of lenrs are there T 
Exidain Figs. 44, 45, 46. 

[^101.] Whtais tieprinciptdltaBoftithver? Gwe 
an example. When is the power in equilibrium with the 
weight 1 

How can jou prove this laft bj actual experimenta 7 Explain 
I. 47, 48, 49, and 50. 



^■, 



f the directioiiB of the power and weight are not perpeodicn- 
lar to the bthib of the lefer, butact at oblique angles, how, then, 
do you obtain the dietancei of the weight and power from the 
fulCTDDi ? (Explain Fig. 51.) What is 3\e law with regard to the 
rectangalar lever? Explain Fig. S3. 

[^ 103.J What is the condition of equilibrium when then 
are aeveralpovxrs and veights operating on the lever 7 If 
■ome of these powers or weights act in opposite directiooa, 
what most joudo with their momenta t 

Explain Fig. 54.* 

[^ iOS] What do yon understand by a eompoundltna-T 
(Explain Fig. £5.) Hew is the power of such an arranga- 
ment calculated 1 Does the advantage of such an UTiinge- 
raeat oii)j consist in the gain of power t In what else does 
it consist 1 Give an example. 

IB of the lever P Give ezamplei of 



Of the Centre of Chrmity. 

{^ 104.] What is the point called in which an inflexible 
straight bar, charged with several weights, must be support- 
ed, in order that it shall neither move in one way or another? 
By what law may it be found 1 

[^ 105.] What is the pressure which such a bar exercises 
upon the prop which supports it, equal to I Give examples. 

[^ 106.] What may every heavy body be taken for f 
How can you convince me that in every heavy body there 
ia a point in which the Ahole weijrht is active! Explain 
Fig. 57. 

• How can you prove the principal law of the lever methMiiatU 
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[^ 107.] What is the Dame of a vertical liae drawn 
through the centre of gravity of a body T What must take 
place if this line is in any point supported or fixed T How 
ean you find snch a point 1 ,- . 

In what point is the centre of gravity in a uniformly dense body ? 
Give examples. In which point ia the centre of gravity in the 
regular aolida, the tetrahedron, the octahedron, cube, kc. p In 
which point ia the centre of gravity of a priam or cylinder of uni- 
form tiiickneHs ? 

How do you find the centre of gravity of a triangle ? (Explain 
Fig. 66.) Howmay thia be proved by an experiment witn a thin 
piece of card ? 

Howcouldyoufind the centre of gravity of any other rectiliiiear 
figure ? Explain Fi?. 67. 

How do you find the centre of gravity of an inflexible bar with 
^lequal weights upon it? Explain Fig. 68. 
■ Iff the centre of gravity alwaya within the body ? Give an in- 
•tance where the centre of gravity lies without the body. 

In what manner may the centre of gravity be determined by 
experiments ? Explain Figs. 70 and TI. 

[% lOS.] When a body la placed upon a basis, on vrhat 
does its stability depend ] If the line of direction falls with- 
out the basis, when will it aland firm,._Slld when will it be 
liable to turn over ? What will occur when the line of d>- 
rection Ms without the basis T 

Why does a pyramid (Fig. 72) stand firmer than a body shaped 
as represented in Fig, 73 ? (Explain both figures.) What must 
be the position of a plane, in order that ^ball shall rest upon it? 
Why can a ball not rest on an indined plane ? 

Whdl phermm^ta are txplained by tht theory qf the centre iff 
graoifyf 



Lavts of Percussion. 

[$ 109.] When a moving body meets another on its way, 
what must necessarily take place ? If the line in which the 
.centre of the striking body moves passes also through the cen- 
tre of the body on which it strikes, what is the stroke or percus- 
sion called 1 What is it called, when this line does not paJM 
through the centre of the body which is struck T 

['5 IIO.J Which are the three principal casei toMeh cam 
ociMT in the percussion of bodies ? 
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1. Lme$ of Percussion of Vnehutic BotUa. 

[^ 111.] How many cases tan there occur tn thtpercus- 
tiojt of unelasiic bodies ? WMeh are tkey 7 What wiU 
fake place in the fr St of these eases? W&at in the second ? 
What in the third T 



2. Lmos of Percussion of Elastic Sadies. 

[^11 2. 1 What is the principal late in the percussion of 
dastic bodies ? Give examples. 

[^ 113.] How many different cases can there oecur in 
the percusaion of elastic bodies 1 Which ace they 1 ^'^A 
must take place in iAc first case 1 , What in the stcatMi 
What in tht thirdf 

How can yon illustnUe theie three caaea .' Explain Figs, 79, 
80, and 81. 

[<j 114.1 What laiB is there for the case in which an 
dastic body tn^tiges against an unekistie frm plant ? or an 
miehstic body against an elastic firm piane? What will 
occur when the angle of incidence ia a. right angle 1 

How can you prove this law by the decoiaposittoD of forces .' 
Explain Fig. 62. 

[^ 115.] When several elastic balls, of equal size, are 
suspended in auch a way that their centres lie all in the 
same straight line, and the first ia raised from its poaition, 
and let fall again, so as to atrike upon the second, what will 
then take place ? Can jou explain this phenomenon irora 
the laws of percussion of eiaatic bodies T* 



Vibrating Motion — Acoustics. 

[^ 116.] How is sound produced? and what is neces*' 
sary in order that a body shall prodace sound ? 

How may the vibrations which are productive of sound be 
made riBible ? What do these experiment* prove ? 

* I/ct the pupil leeur to the Mcood cue. 
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[^ 117.] WbU is neeessKryin order that we ihall ileor 
tbe soond of soDoroua bodies ? What do we denote hy the 
word hearing ? 

[^ 118.] What is the medium through which sound is 
generallf propagated? What other bodies are capable of 
propagating sound ? 

How may this be shown by experiments? 

K 119-] What do the vibrations which a sounding bod/ 
produces in the surrounding atmosphere consist in 1 

What pheoomeQa are thereby explained? 

[^ 130^1 What property must a body possess, in order 
that it tdiall be capaUe of producing sound t Why can a 
'body without elasticity produce no sound? With wfaatdoea 
tbe capacity of a body for sound increase 1 

[^ 121.] Is the whole uninterrupted surface of a sono- 
rous body thrown into a vibrating motion, or are there cer- 
tUD points or lines which remain in a state of rest ? What 
does trequentty take place when a chord vibrates ? 

By wh^ experiments may the points and lines which remain m 
the state of rest, while the rest of the sonorous body is vitrnting, , 
be exhibited ? By whom was this discovery first made ? What 
otter still more striking experiment can you mention ? 

[^ 122.1 Is the sound prevented oi modifiied when the 

places which are exempt from the vibrations of a sonorous 

. body are touched with the finger ? What takes place when 

a sonorous body is toocbed in any other place, or brought in 

cotrtact with some other body T 

In what manner does a. vibrating chord divide itself ? (Explain 
Fig. 85i.) What experiment can'you make with such a chord ? 
What other phenomena are explained on the same principle ? 

[$ 133.] On what does the height ot depth (acutenesa 
or gravity) of sound depend ? 

To what theory may the vibrations of a chord be reduced 7 
What proportion does the acuteness of sound bear to the tensions, 
the lengths, and the thicknesses, of the chorda P * 

[^ 134,] If the thicknesses and tensions are the same, 
OD what does the number of vibrations then depend 1 
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[^ 135.] When will two chords produce the same tone t 
What are two chorda which give the same tone, said to be T 

When B chord is struck, wbB.t does an expenenced ear always 
distinguish, beBidee the principal tune ? In what does this phe-' 
nomenon probably originate? How isanfolian harp coDStnict- 
ed ? How must it he tuned ? Hon' do the chords of this inetru- 
ment vibrate when exposed to a gentle draft? 

[^ 126.] When a chord, r, makes, in the same time, twice 
as many vibrations as another chord, G, what is it called! 
What is a chord, G, called, which makes three Tibrations, 
while C makes two? What is the name of a chord, e, which 
makes four vibrations to the chord G'a making three 1 

What ie the ratio of the fundamental tone to its next higher 
octave ? What that of the juitit to the fijndiuneBtal tone ? What 
that of the quint to its quart, which is at the some time the octave 
of the fundamental tone ? What do these three tiotea form ? 
What are they said to have formed ? 

[^ 127.] How many principal tones are there in an oc- 
tave ? By what letters are they designated, and what are 
they called? What are these seven tones called in music? 

[^ 128.] What do you understand by the numerical 
value of a tone or note? If the fundamental tone is 1, what 
is the value of the next higher octave ? What that of the 
nest higher quint T What that of the next lower quint ? 
What that of the nest higher quart ? What that of the next 
lower quart t 

What are the numerical values of the seven tones of the dia- 
tonic scale, derived from those just given? 

[§ 130.] What is the raltio of one tone to another 
called ? 

[^ 130.] Are the successive intervals between the seven 
tones of the diatonic scale equal to one another ? Give in- 
stances where they are unequal, 

[§ 131.] Does the diatonic scale satisty the demands 
of modern music T What scale is used ih its stead ? Where- 
in does the chromatic scale differ from the diatonic scale ? 

Whatarethe five additional semitones called, which, in the 
chromatic scale, ate inserted between C and D, D and E, F and 
G, G and A, and A and B F ' 
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What are the numericd values of thoae notes ? ' The nameri- 
cal values of the notes A and £, in the chromatic scale, differ a 
little from those which these notes have in the diatonic scale : 
what was this impurity of sound introduced for? Where is it 
absplately indispenaable ? Is there an; instrument which c&d 
give every interval as clear and perfect hs the human voice ? 
Which is the most perfect of all ? 

[^ i3SJ What do you undprstaad by harmony or ran- 
cord ? What by discor4 or dissoaaace f Give examples 
of both. ' 

['5 133/1 What does meiody consist in t Wherein con- 
sist thedifflcolty and beaut; of musical composition T 

[^ 134.] Are very high or very low tones still audible? 
How many octaves comprise nearly the whole system of 
notes fit for music 1 How is the deepest audible sound 
produced 1 

[§ 135.] What kind of vibrations (Joes a common violin 
string make when the bow is drawn under a very acute an- 
gle 1 What sensation does such a sound produce in the 
ear1 Is the sound higher or lower than the natural tone 
of the chord produced by transversal vibrations J 

Does the height or aculeness of the sound thus produced de- 
pend upon the tliickness or tension of the chords ? On what, then, 
does it depend? What does this phenomenon explain? 

[§ 136.1 Can you tell the velocity with which sound is 
propagated through the air 1 

By what is the propagation of sound through air modified? 
Why can a loud sound be heard farther than a low one ? What 
do you know about the propagation of sound through solid 
Vpdies ? 

[§ 137.] As what may the vibrations which every sono- 
rous body causes in the surrounding atmosphere be consid- 
ered 1 Why is the sound heard better in the neighborhood 
of the sonorous body thm at a distance from it ! What 
law is there with regard to the intensity of sound? Give 
an example.! 

[^ 138.] What takes place when a ray of sound strikes 
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OB a firm plane T Is the whole ibiJ of sound reflected, or 
only the few particles, nhich, in their vibrations, strike the 
plane ? What remarkable phenomenon is thereby explain- 
ed ? What instrument does it show the utility oti How is 
'e tube constructed 1 



What takes place vhen a ray of sound meets a {riane surface 
at right angles ? (Explain Fig. B6.) What, when it strikes that 
surface at an oblique angle? (Explain Fig. 89.) In what caaeo 
are several echoes heard? (Explain Fig. ^.] How is the sound 
emanatiiig tioin the centre of a clrcutarhall reflected? (Explain 
Fig. 91.1 If the hall be oliptical, and the sound emanate from 
one of tie foci, in what manner will it then be reflected ? What 
ia a hall built in this manner called ? Why ? How is the voice 
throwB into a speaking trumpet reflected from its sides ? 

[^ 139.] How does the air vihrate, which is blown into 
flutes, trumpets, horns, or other wind instruments 1 By 
what means are the different notes obtained from these in- 
ttruments t 

What is the reason that the sound is not prevented, when these 
instruments are touched with the haiid ? Why m it not so with 
ebords or bells ? Why can bassoons and flutes not be made of 
metal ? Why are high! '-elastic metals, such as silver and brass, 
unfit for the building of organs ? Why do speakin^f trumpets 
inade of metal convey the articulated voice less diatmclly than 
those made of pasteboard or wood ? 



Obstacles or Hindrances of Motion. 

[§ 140.] Is there a body in nature that has aperfeetfy 
tmoolh tmd even surface ? What does always take place 
when two bodies, ever so well polished, move upon one. 
another? What do you call this resistance? 
' [^ 141.] Can the laws of friction be fixed with precis- 
ion f Why not 1 What principles, however, are we ena- 
bled to lay down from experience ? 

[^ 142.] What obstacle does every body, whose weight 
is wholly supported by a horizontal plane, present to the 
least chafage of place ? What other phenomena are expfain- 
«d by iriction ? 

Why is a cask moved more easily than a box? Can yoo now 
perceive the use of the pulley? 
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^^ 143.] By what meanB can friction be avoided in ma- 
dunery T 

[§ 144,] What other obstacle to motion is there besides 
friction ? On what does the resistance of the ataosphere 
principally depend t and in lehat proportion does it increase f 

[^ 14S.] What proportioa is there respecting the resial- 
ance of the atmosphere, and the velocity of the moving 
■body? . 

Hov can you convince me of tl(e correctneas of this law? 

[^ 146.] Why is the resistance of water to a moving 
body greater than that of the atmosphere 7 What processes 
are by the resistance of water rendered possible 1 

' [^ 147.] What takes ]dace if a st(»ie m caanpo-ball 
impinges under a very acute angle? 

[§- 146.1 What is the final effect of friction, and the i«- 
ustance of the atmosphere on every body which is iu m^ 
tion ? 

[^ 149.1 Iftheinfimte^iacein which the celestial bodiea 
move, and in which our globe itself performs its orbit, is 
filled with a subtije fluid, similar to the atmosphere, what 
effect must it naturally produce T 
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CHAPTER IV. 

or THE SIX SIMPLE MACHINES ^-THB LEVER, TBE 
INCLINED PLANE, THE PULLEY, THE WHEEL AND 
ASLE, THE WEDGE, AND THE SCREW. 

^ 150. The laws of the lerer and the inclined plane 
have already been treated of in the preceding chapter, as far 
as thej can be explained in an elementary treatise of this na- 
tore ; it therefore remains for us only to speak of the ptiihy, 
the v)hul and tait, the wedge, and the screio. All these 
simple machines, together with their compounds, may. be 
reduced to the principle of the lever and inclined plane, aa 
we shall see in the course of tbie treatise. 



n*. M. 



OF THE PULLET. 

^ ISl. A pufUy is a solid circle or wheel, with a grooved 
circumference, and an asis passing perpendicularly through 
its centre, and a case or frame-work called the block. 
When a rope is applied to the 
grtxtve of this wheel, fixed in its 
positbn, as represented in Fig. 94, 
the machine is called ^ fixed pulley. 
. In this pulley, the directions of the 
power and the weight are both (an- 
gents to the circumference of the 
wheel. Now, it is easily perceiTcd 
that, in this case, the tension of the 
cord, cAed, is uniform throughout: 
the weight stretches the partia, be- 
tween it and the pulley, and the pow- 
er stretches the part cd, between the 
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|)ower and the pulley. Hence, since the tension is the same 
throughout the whole length of the rope, the weight must be 
equal to (he power, and it is evident that no other ad- 
vantage is obtained from this arrangement than a change 
in the direction of the power.* There is, nererthelesi, 
scarcely a machine attended with more convenience ; ea- 
peciaUy when the power applied to the pulley consists in 
the strength of men or animals, which is alwajs exerted 
to the greatest adraotage 
Fig. 95. in certain directions. Thus 

a man will find it most con- ' 
venient to pull the rope, 
cd, downwaids, as repre- 
sented in Fig. 94. A horse, 
on the contrary, will be 
Used to the greatest advan- 
tage by an arrangement 
similar to that represented 
in Fig, 95, by which heavy 
burthens may Jje raised lb 
the window or roof of a 
building. In all such 
cases, the change in the direction of the power is as advan- 
tageous as an actual gain in the power itself, and even 





* Tha ume leault m&y be obtained 
maih^maiically. by th« decompoflition ef 
tha two forces EW and FP, in the fol- 
lowing manner; — Produce EW and FP 
imtil they meet in the point A. Upon 
AP and AW, respBotiyely, l^e tha two 
diatonces AB, AD, equal to one another. 
These may represent (he two fbrcei W 
and P. Now, as AF and AE ate tan- 
- gents to the pulley, it follows that the 
disgonal or reaoltant, AC (^ 78, page 
G8), mnat pass through the centre, O, of 
the pulley ; consequently, if the pulley 
be fixed in that point, no motion wiu 
take place as long as the power, P, >■ 
eqnal to the weight, W. 
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§ 152. When the weight or resistance is applied to the 
centre of the pulley, or at least in a. direction passing 
through the centre, whilst one end of 
the Tope is fixed to some solid block, 
the machine is called a taovabk pul- 
ley. Fig. 97 represents such an Kt- 
rangement. The cord AB, attached 
to the fixed point A, passes through 
the block EB, to the centre of which is 
applied the weight, W, and ia carried 
round the fixed pulley, CD, the power 
being applied in P. To understand the 
advantage of such an arrangement, let 
us at first suppoee the directions AB, 
DE, to- be parallel to one another. 
In this case, the whole weight, W, ia 
sustained ly the tension of the two 
parts AB, DE, of the rope ; and as 
the tensions of these two parts are 
equal (§ 151), each must sustain half 
the weight ; consequently, the part DE 
willonly be stretched with one half of the weight, W ; and 
the power, P, being in the fixed pulley, CD, equal to the 
tensiou DE, will also be but one half of the weight W. 
Hence, in the movable puQey, the power is but half of the 
teeigkt. 

% 153. If th6 directions of the cords Afi, DE, are not 
parallel, but inclined to each other by any angle at pleasure, 
the relation of the power lo the 
weight may easily be found bj 
therute for the decomposition of 
forces. (See % 78, page 68.) 
In the direction m W, take the 
distance mr, equal to as many 
inches as there are pounds or 
ounces in the weight, W, and 
draw the lines mn, mo, parallel 
to AB' and D£ respectively. 
The parallelogram mmo will 
have ail its sides equal ; because 
the tensions nr and ro are equal 
to each other; hence the poir- 
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CHAP. IV.] POLLET. 139 

er, P (which is equal to the tension represented by nr), is to 
the weight, W, ta any one side of the parallelogram mnor is 
to its diagonal.* 

It is to be observed here, that, as two sides of a parallelo- 
gTBiQ are together always greater than the diagonal, mn and 
nr together must be. less than ntr ; but nut and nr, together, 
represent tteice the power, whilst the diagonal nr represents 
the weight ; hence the weight in this arrangement is always 
less than double the power, in proportion as the directions . 
DE, BA, »ary from the state of parallelism. 

^ 154. The mechanical power of the pulley may be 
much increased by combination. Such an arrangement is 
then called a system of pulleys. One of these systems is 



9 TDatbem&dcall/ prored, that the tauUm of other part of 
the vieight at Ih' centre as the radius of Ihe piUley tatotie 
chord of the arc emhraced by the rme. L«t 
09. AB, HQ (Fig. 99), b« produced oatil 

they meet in ajwiat, C. Upon BC and 
GC, take DC, £C, equal to one another, 
and construct the parallslagram FDEC; 
FC will represent the reeultant of the ten- 
dona of the rope represented by DC and 
CE reapectively. Draw the ladii IG, IB, 
and the chord GB. The triangle GIB 
hariag its three aides, respectively, per-, 
pendicular to the three udes nf the tnan- 

tDCF, these two triaagles will be aim- 
to each other, and give the proportion 
GI : GB : : DC : FC. 
(Grund's Plane Geometry, Section II.) 

But GI is the radiua of the pulley, GB . 
the chord of the arc embraced by the rope ; 
DC Tepresenta the power, and FC the 
weight ; hence the above promrtion ei- 
preasea the law which wi 




RiMARE. When the dii_ 
to each other, the chord, GB, 
above proportion changes inti 



e HG, AB, o 



8 to be proved. 

rope are parallel 

n which case the - 



■ and ignea with tha law slated above in $ 163. 
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Us. 100. represeated in Fig. 100 : a, b, c, are mova- 

ble pulleja, embraced eacli by arope, ODfi 
extremity of which ia attached to a fixed 
point, and the other to the h]ock of a 
ptflley ; d is a fixed pulley ; and the power, 
P, is applied in the direction dP. In this 
eyatem, the power of one pulley acta aa > 
weight to the next pulley, ^c. Hence 
the weight, W, ia 8 times the power, P. 
This may be ea^y understood from the 
following; course of reBsonLog: — The direc- 
tions of the forces being parallel to each 
other, the weight, W, ia to Uie power of that 
pulley B8 2 to 1 ; but the power of Ute pul- 
. ieyo, being the weight of the pulley t, is to 
the power of the latter again as 2 to 1 ; and 
as llie power of tiiat pulley acts, in its turn, 
as the weight to the pulley c, its proportion 
is to tl|e power, P, again as 3 to X. Hence the ultimate ratio of 
the weieht, W, to the power, P, ia as 2 X 2 X 2 is to 1 X 1 X 1 i 
or, which is the same, as 8 to 1 j which was to be proved. It is 
easily perceived that, by adding another movable pulley, the rate 
of the weight to the power would be as 16 ; 1 ; and bo oq.* 
§ 156. Fig. 101 represents an arrangement of a aingle 
rope, which, by means of one movable pulley, 
Hupporta a weight equal to three times the 
power. Indeed, if the tension produced by 
the power, F, in the direction a P, is represent- 
ed by 1, the weight which the tension of the 
pan cd will raise, will also be represented by 
1 ; because the pulley, ae, acts in reference 
to the weight, W, as a fixed pulley. Both 
these tensions stretch the rope mr, with a power 
expressed by 2, and the tension- in the direc- 
tion be being consequently also equal to 2, the 
weight, W, will be supported by the tensions 1 
and 2 of the two ropes cd, he, respectively ; 
hence the weight, W, ia, in thia machine, 3 
W^^M> tiraea the power, P. 

' The genenl eipreaeion of the ratio of the weight to the power 
of a movable pulleyir uranged in the above zoanner, ia S», \h» power 
taken as unitf . 



Fig. 101. 
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A Bunilar power is produced by tbe ammgement represented 
in Fig. 109^ where tbe reapective teiuione of the corda, and their 
united effect, are represented by numbers. By combining these 
pulleys in a manner siutilar to those represented in the figure, 
we may obtain a. machine, in which the power is to the weight aa 
liatoS, to 21, to 81, &c. 



Fig. 102. 



Fig. 108. 




Pot the B&ke of compactDess, a syatetn of pulleys is often 
Bcranged in two blocks, one containing all the fixed polleye, 
and Uie other all the movable ones. Such an arrangement 
ie r^resented in Fig. 103. 

When temnd telt of ptiUa/t art tmpltyed, the power ii to the 
taeighl obaa^t at lit to Oit prodtKl o/aS the wa^itt. Thus, if 
two selA of pulleye are employed, in which the power of the first 
acta as weight upon the second, and the weight in the first 
is 5 times the power, whilst tlie weight of the second is 6 times 
the ^wer, the .unitad effect of these two sets will be 30 times 
the power. 

^ 166. Wehafe seen, inthe preceding sections, thatthe 
power of the pulley may be indefinitely increased by combi- 
nation ; but the mechanical advantage derived from all such 
arrangements is considerably less in practice than in theory, 
on account of the stiffness of the ropes and the friction of 
the wheels and blocks. These hindrances are, in most 
cases, so considerable as even to destroy two thirds of the 
power, and deprive the machine of a great part of its uee- 
fulnesB. 
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The principal uses of the pulley consist in raising 
weights to great elerations; and its chief application is in 
the rigging of ships, where almost erery motion is facili- 
tated by its means. 



OF THE WHEEL AND AXLE. 

§ 157. The wheel aod axle is a machine which con- 
aista- of a grooved 
'^■***- wheel, A (see the 

30" figure), and a cylin- 

der, fi, passing per- 
pendicularly through 
the centre of the 
wheel, and jesting, 
at its extremities, 
, upon two fixed sup- 
ports, C, D. The 
power, P, applied to 
the .circumference of 
the wheel, turns this 
wheel and the cylinSer which is fixed' to it ; and the latter, 
by its rotary motion, takes up successively the different parte 
of the rope, mn, to which is attached the weight, W, which 
is to he drawn toward the cylinder. 

Instead of a wheel, the spokes, M, N, R, Q,, may be used, 
to the extremities of which the power may be applied with the 
same effect as if the point of application were in the circum- 
ference of a wheel of which the spokes represent the radii. 

Fig. lOA. 



Or the cylinder may be pro- 
vided with a winch, as rep- 
resented in Fig. 105, in which 
case the machine is called a 
toindtass. 
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When the sxis of the cylinder is rerlical, as 
l-epresented hi Fig. 106, the 
'if. 1<M. macliiDe is called a et^stan. 

In this form it is used on board 
of Teasels, only that, in this case, 
the figure of the asis ia coni- 
cal, to prevent the i<^e from 
slipping when it has reached 
the lowest point. 



I. The principle on which the wheel and axle act, 
is easily ^termined, and may be reduced to that of a lever, 
whose fulcrum ia in the axis of the cylinder, B (Fig. 104), 
and whose two arms are the radius of tke cylinder and the 
radius of the wheel, respectively. Hence the ratio of the 
power to t?ie veight is, in this {arrangement, Ike same as tkat 
»/ the radius of the cylinder, or axle, to the radius of the 
viheel. Thus, if the radius of the wheel is 3 times as great 
aa that of the axle, the weight will be 3 times the power ; if 
k were 4. times as great, the weight would be 4 times the 
power; and so on. And it can make no difference jvhetlwt 
the power is applied immediately to the circumference of the 
wh^, or to the spokes, M,N,0,4, (Fig. 104), or to the winch 
(Fig. 105), only that, in the two last cases, the length of the 
spokes, or the. distance of the handle of the winch, &om the 
centre of the axis, must be taken for the radius of the wheel.* 




§ 180. From what has been said in the preceding para- 
graph, it would appear as if the power of the wheel and axle 
conld be increased indefinitely, either by increasing the di- 
ameter of the wheel, or by diminishing th^ of the axle ; but 
the adrantagea thereby obtained are limited in practice ; be- 
cause, by making the wheel too large, the power has to move 
through too large a space, andj by diminishing the diameter 
of the axle, the latter may become too feeble for the support of 



* If tha ruliiu of the axle ia rspieaeated b; r, and that of the wheal 
br R,tlie pioportiMi of the power to the weight may ba eipiageed u 
fbllowB^ p : W :: r : R; 

ot, bec&aae the radji of ciiclee are in the nma proportion as the 
dumvtera, p ' W : ; d ^ D. 
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a heavy weight These iacoaventBnces are partly remedied 
by giFing the' asJe different thicknesses (as represented in 
Fig. 107), and carrying a rope, 
which ia coiled on the thinner 
part, OTer a pulley attached to 
the weight, W, and coiling it, in 
the opposite direction, on the 
thicker part. Id this arrange- 
ment, the weight will only 
move (vith the difference be- 
tween the circumferences of 
the thicker and thinner part 
of the axle ; because the rope 
uncoils from the thiSier part, 
nhilst it coils on the thicker ; but the power is greatly in- 
creased, as we shall see from the following considerations : — 
The tension of the two parts, a and b, of the rope, are evi- 
dently equal, each supporting half the weight, W ; hence the 
moment acting on the circumference of the thinner part of 
the axle is half the weight muhiplied by the radius of that 
part of the axle ; and the moment acting on the circumfer- 
ence of the thicker part is equal to the radius of that part 
nultiplied by half the weight. Now, it must be observed, 
that the moment acting on the thinner part assists the pow- 
er, P ; because the rope uncoils from the thinner part of the 
axle in the same direction in which the winch, mn, is turned ; 
consequently fhe poteer, P, muUiplied by the radius of tht 
wheel or winch, need only be eqtud to the difference between 
the two moments on the axle ; that is, to the difference between 
the radii of the thicker and thinner part multiplied by half 
theteeighi; or, which is the same, the power, P, multiplied 
by the diameter of the wheel, need only be e<^ual to half the 
difference between the radii of the thicker and thinner part 
of the axle, multiplied by the weight. This arrangement, 
therefore, is equivalent to a common wheel and axle, in which 
the wheel is of the same diameter, but the diameter of tlie axle 
only half the difference betteeat the thicker and thinner 
part. 

^ 161. The uses of the wheel and axle are the same as 
those of the lever ; because heavy burthens may, by its 
means, be raised by a comparatively small force ; but ita 
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greatest advantage consists in the continuity of its action ; od 
which account it iiaa also been caJled the perpetual lever. 
When 8 lever la used to raise a weight, it acts only through 
a small space, ailer which it must return to its first position, 
in order to renew the action. Hence the common lever is 
only used for weights which are to be moved through small 
spaces ; but where a continuous motion is to be produced, 
the wheel and axle must be employed. 



great power 




is required, the 
wheel and axle 
maybe combined, 
like a system of 
levers. Fig. 108 
represents .such 
a combination. 
The power, P, 



the 



mfer. 



: of the first 
wheel, a, is, by 
means ofthe pin- 
ion «, transmitted 
to the circumfer- 
ences ofthe seo- 
ond wheel, 6; 
that wheel acts by its pinion,/", upon the circumference of 
the third wheel ; and so on. It is at once evident, from in- 
spection, that the united power ofsueh an arrangimmt h to 
the weight as the product ofthe radii of ail the axles, or pill- 
ions, is to the product of the radii of all the wheds of wliiih 
it is compounded. Thus, if the radius of each single wheel, 
in Fig. 108, is 10 times that ofthe pinion, the weight ofthe 
whole combination will be 10x10x10x10 = 10,000 
times the power ; and in the. same manner it may be com- 
puted for any other number of wheels. 

Reharh. In order that the wheels and pinions of anch a ma- 
chine shall work tog-ether, Ihc teeth miiat evidently be of the 
same size ; consequently the proportion of their circiimfereneea 
may also be estimated by the number of teeth which they carry ; 
that is, in the computation nf the power, the number of lerth will 
always express the circninferences,ortheir diwneters, to which 
they are proportional. 
13 
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§ 163. Thepmion9,e,/,g^,i(BeeFig. 108),reToI»e,eY- 
idently, much more frequently than the wheels to which they 
impart motion ; and the velocity of ihe pinion is evident^ 
to the velocity of that wheel inversely as the number of teeth 
which they carry. Thus, if the wheel has 100 teeth, and 
the pinion only 10, the pinion will revolve ten times to the 
wheel's turning round once ; and by this means their re- 
elect ive velocity may be determined. 



^ 164. The wedge is an application of the inclined 
plane (^ B9, Ch^ter HI), and 
Fif • 109. consists of a triangular prism, a b c 

(see the figure), which is employed 
either for enlarging a cleft into 
which it is introduced, or for sepa- 
rating two surfaces from each other, 
or to keep two surfaces at a deter- 
minate distance. 



^ 165. The power of the wedge is not so easily calcula- 
ted as that of the other simple, machines, on account of the 
immense friction of the sides of the wedge against the sur- 
faces of the cletl, and the unequal action of the power which 
is applied to the back of the wedge i for Ihe power, being 
generally exercised by a hammer, acts at intervals, and not 
continually, as in other machines. 

Another difficulty, which occurs in the compulation of the pow- 
er of the wedge, arises from the &ct, that, when applied to the 
back of the wedge, a part of it is sim^jy employed in binding the 
two branches of the cleft, whilst the i«Bt Is spent in disteMing 
the fibres which are not yet aepaiated. To aU these difficulties 
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we moBt yet &dd the diSetencea in tbe teztures of thb bodiw 
which are to be aeparated or divided, their adherence, elutici^, 
&c^ all which propertiee influence the results of the wedge ui 
practice.* 

^ 166, The applications of the wedge are Dumerous, and 
of iDcalculable adrajitage in the mechanic arts. All catting 
instruments — kniTea.scissors.razorH, hBtchela,ehi5e]a,&c — 
act as wedges, or may be referred to its theory ; tleo all 
pterciag instruments, such as nails, stakes, piles, itc. In 
all these cases, we can only lay down the rule, that thepQwer 
of the wedge is increased by rendering iti angle more and 
more acute ; but we munt not ibrget that, by making the angle 
too acute, the edge of the wedge may be easily bent or 
broken ; ao that even this has its limits, and must, in a meas- 
ure, depend on the degree of resistance which the wedge- 
meets from the surfaces against which it is exerted. 

A nail driven into a jnece of wood, or into a wall, acta Gnt U 
B wedge, and is afterwards retained in ita poBititm by the friction 
of its Hurfacea affiinBt the sides of the cleft. A saw consists of 
a aeries of wedges, tbe motion being oblique to the r 
A wimble is a combination of the screw and wedge. 



OF TBE SCREW. 

% 167. The screw is another plication of the inclined 
plane. It consists of a cylinder, with a protuberance raised 
on its surface, called the thread, which is carried round ob- 
liquely and continually at the same inclination to the axis. 
This screw, which is also called the convex or external 
screw, is made to fit exactly into another, called the md, 
which consists of a hollow cylinder with a spiral groove cot 

* Abitncljng fiom friction, &C., il can be proved inBtfaematieBllj, 
that if the power U rapresented by the buck of the wedge, the forces 
eiertad on iu lidee, whsii tbnt power ig applied to the back of the 
wedge, an repreKUted by the sides themselTea. Heuce,if the back 
of the wedp u denoted bv B, the two sides by 8, ■, respectively, the 
power ■ppUedto the back by P, sjid the farces eierled against ttiie two 
sides byH, q, respectively, we have the proportion 
P:Q:q::B:8:a. 
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apon the inner surface, and is also known by the ii 
internal OT concave screw/ 

This machine is used in two ways : either the nut is 
fixed, and the screw, by being turned, has its thread suc- 
cessively carried through the nul, ot the screw is fixed, and 
the Hut is turned to pass along the whole length of the 
thread. Fig. 110 represents the first, aad Fig, 111 the sec- 



Fig. 110. 



F^. 111. 




Opd of these arrangements. Either of these arrangements 
it is customary to combine with a lever power, I, which 
in Fig. 110, is attached to the screw, and in Fig. Ill, to 
the nut. 



) 16S. To understand the n 
Fie. 112. 



ilation of the power to the 
resistance in this machine, 
we may consider the thread 
as formed by wrappiog 
round the cylinder, C 
(Fig. 112), as many in- 
clined planes mno, npq, 
C &.C., as there are revolu- 

tions of the thread, each 
of these inclined planes 
having for its height the 
distance between two ad- 
jacent threads, and for its 
base the circumferenceof the cylinder. When the scretv is 
in a vertical position, and is, by virtue of its weight, or by 
urged downwards, it will slide down the 



some other force, i 
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tiireftd ia the pame manner as a weight would slide down 
tiie inclined planes, mo, np, &i,z. To ofercome this tenden- 
cy, which is called the resistance of the screw, the power 
exerted od the nut must be to it in the same ratio as the 
height, tim, of one of the inclined planea is to its basis, on ; 
but the heighl, not, is the distance between two adjacent 
threads, and the base, on, is nothing else than the circum- 
ference of the cyhuder ; hence the ratio of the poaer to the 
resigtance of the screw, is as the distance hettneen tao t^a- 
cettt threads to Ike circumference of the cylinder. The 
imaller, therefore, the distance between the threads, or the . 
gfreater the diameter of the cylinder, the greater will be the 
power of the screw. 

^ 169. The ratio of the power to the resistance, which 
we have jnst found (^ 168), applies only to those points of 
the nut which are in actual contact with the screw. But 
if the force, as is the case in practice, is applied, at a hori^ 
zontal distance from the screw, by means of a lever, I (see 
Figs. 110, 111), then the power may be as many times less aa 
its distance from the centre of the aus is greater than the 
radius of the cyUnder, because this is the law of the lever. 
Hence the advantage of the machine increases also with the 
length of the' lever, /; and, as this lever, when the screw is 
used, describes the circumference of a circle, we shall also 
hare the following law : — The power applied to the sereis u 
to the resistance inversely as the circumference described by 
the point to lehich the power, is edited is to the distance be- 
tween two ar^acent threads. Thus, upon the same screw, 
the power will he more advantageously employed, according 
as its distance from the axis increases ; and upon diSereut 
screws, to which the power is applied at the same distance, 
theeffect increases as the distance between the threads di- 
minishes.* This law, however, obtained solely by mathe- 

* If p stajidBfbTtliepawer,r forther«Bi9CancFi,D forlhediit&nceat 
which the power is applied from tha mja, and li for the diBtanCB be- 
tween twoBdjaoent threads, then, becauae 2™ represents the circumfer- 
ence of a circle whose radius U I, (he above proportion may be ex- 
piesied aa follows ; — 

p : r : : h : 2;iD ; 
and 89 1 represents the number 3.1415926, we ma; expresa the aanie 
p. ipiT'ion also by saying, 
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a practice by the fric- 

§ 170. The screw is principally employed when great 
pressure is to be produced through small spaces. Hence 
tt ia not only used in the mechanic arts, in printing, book- 
biadiag, and manufactories of all kinds, but it is also used, 
in iiiiiiy cases, where liquids are to be extracted from solids, 
in the coining of money, in compressing the bulk of sub- 
,itances, &i,c. 

§ 171. The screw may be very advantageously combined 
with the wheel and 
Pig. 113> axle, as represent- 

ed iiFig.113. The 
screw, instead of 
fitting to a nut, is 
applied to the teeth 
of a wheel, which, 
on its axle, carries 
the weight, W, 
which it is pro- 

Wheu the screw 
is turned by the 
winch, mnP, the 
threads o, p, &c. act upon the wheel, CD, and cause it to be 
turned, together with the axle, erf, which raises the weight. 
Such an arrangement is called aperjietual screw. Its power 
may easily be calculated from the laws of the screw, and 
the vheel and axle, of which it is compounded. 

In the lirat place, tlie power applied to the screw is to its resist- 
ance as tJie distance, op, between two adjacent threads is to the 
circumference described by the radius, mn. (See^ J69.} But this 
resistance, acting as the powei' to the wheel and asle, is to the 
weight, W, as the radius of the axle is to that of the wheel 
(J 159); consequently, tht power of the whole machint itto iht 
tetight 03 the dulajta between two adjacent threads multiplied dy 
Ike radius of the ade iato the circiOn/crence deicr&ed by ike winek 
Mvitiplied }n) the nidiuio/tht wheeL* 



fVom the axis of the Krew,and W the weight which is to be raised, 
then the above propoition may be eipTesaed mathematically by 
P : W : ; r X h ; 2iiD X R- 
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Example. Suppose ths distance between two adjacent 
threads of the acrew ia 3 iochee, the length, mn, of the winch 10 
inches, the radiuH of the wheel 24 inchea, and the radius of the 
axle 3 inches ; then the puner would be to the weight aa 
3X3: 6J38318S3 X 34 X 10 (see note to page 149) ; or, which 
ia the Baine, m 6 to 1507.964448, independent of the friction of 
the machine. 

§ 172, The five Bimple machines — thelever, the inclined 
plane, the pulley, the wheel and axle, the wedge, and the 
screw — are called the prime movers ; because, by combining 
them, as the occasion requires, the various machines are 
obtained which are employed in manufactories and the me- 
chanic arts. Thus, in a steam engine, all that the pi8t<Hi 
does is to act as a power on a lever or wheel, which is so 
connected with the rest of the machine as to give to every 
part the desired motion. In a mill, the power of the water 
or wind sets a wheel in motion, which, by its revolution, 

ETes to every part of the arrangement the desired impulse. 
1 a power or ateam press, the single motion of the piston 
of the engine, acting as a pow«r to a lever or wheel, effects 
all the motioa required for printing, save that of putting on 
the paper, &-c. 

^ 173. We have seen, in the preceding sections, that a 
machine is an arrangement by which a small power is able 
to support or raise a weight of much greater magnitude. 
' Thus we have seen, in ^ 103, that, in the compound lever, 
the smalt power of 1 lb. may be in equilibrium with a 
weight of 1000 lbs., so that it may be said that the power of 
1 lb. sustains lOOD lbs. This, at first sight, seems to in- 
volve an impossibility ; because, according to the natural 
laws of matter, 1 lb. can never support more oi less than 
I lb. We shall presently see how this is to be interpreted. 

A machine is either at rest, ,in which case the power 
simply supports or sustains the weight or resistance, or the 
machine is in motion, in which case the power raises the 
weight, or overcomes the resistance. When a machine is 
at rest (in a state of equilibrium), there are always some 
fixed points or props, amongst which the pressure excited by 
the weight or power, or the united pressure of both, is distrib- 
uted. Thus, if the weight is 1000 lbs., it is possible so to 
distribute it, that any portion of it we please may be sup- 
ported by the props, and only the remaining part of it, which 

Digilizcdt^GoOgle' 



152 UACBiHfa. [qsAP. iv. 

can never be greater or sm^er than the power itself, iit 
supported by that power ; whence it appears, Ihta the potoer 
never supports a greater or kss weight than is equal to its 
own force, and that the rest of the pressure is Bustained by 
the propa and supports of the machine. 

EiAMFLGS. In thesimple and compound lever (Figs. 47 — 50, 
and 55), the power and weight are so distributed that the props 
support the whole pressure of both. In the movable pulley, Fig, 
97, on which 1 lb. euataina S Ibs^ or in which lie weight is twice 
the power, half the weight is supported by the tension of the fixed 
cord, that is, by a part of the machine itself; consequently, after 
making this deduction, the po»er is just equal to the weight. In 
the wheel and axle, the pressure of both power and weight is 
distributed through the axis of the cylinder which is supported 
by the mscbine; and on the inclined plane ^to which the wedse 
and screw are referred), part of the weight is supported by the 
BurftcB of the plane (§ 90), and only the remainder of tie 
weight is supported by the power. 

When the machine is in motion, a different principle u 
involved. In this case, it is easy to prove that the total 
expenditure of power to raise the weight to a given eleva- 
tion, is always equal to that which would be expended if the 
power were directly applied tO' it, without the intervention of 
the machine ; for it is a universal law of all machinery, that 
the velocity of the weight is just as many times less than that 
of the power, as the power itself is less than the weight. 

To understand this, let us . 

^^* 114. at first consider the motion 

a . ofalever. (Fig. 114.) Sup- 

*5;j^ „ pose the power, P, is applied 

c j^-^i^^'^^^^^ ng ;'''^" ^^ " "'■'f ^' * distance of 4 inches from 

•"^S^jj;;^ the fulcrum, and the weight 

^"^Ji^^^ only at a distance of ainches. 

ji Wlien the lever is moved on 

^ A the prop, F, the power, P, ev- 
idently describes an arc, bd, 
twice as large as the arc ac, described by the weight, W; 
because the radius Fb is twice as large as the radius aF. 
Hence, in this machine, in which the poWerJs twice the 
weight, it will also have to move through twice the space 
through which the weight moves ; consequently, what 
is saved in power is lost in velocity, tn the wheel and 
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axle, the power is to the weight as the radius of the axle 
ia to that of the wheel ; but just in the same propor- 
tion is the velocity of the weight attached to the axle di- 
minished; and, ill the wheel-work, the velocity of the weight 
is just as many times less than that of the power ap- 
plied to the first wheel as the weight itself is greater than 
the power. In the screw, the power is to ihe resistance as 
the distance hetween two adjacent threads is to the circum- 
ference of the eylinder; but it is readily perceived that the 
power must describe a whole circumference to raise the 
weight only to the distance of two adjacent threads, &.c. 
Hence we may infer generally, that a machine can never 
generate a power, or diminish the total expenditure afpmcer, 
necessary to raise the weight or overcome a given resistance. 
All we ate enabled to do hy machinery is to expend power 
at a slow rate, and in directions the most advantageous, to the 
application of the force. 

The principle contained in the preceding section is also con- 
tained in what is called llie golden rule of mechanic, or Vie 
principle of virtual veladliet, viz. The power nutlliplied by the 
space through urhich it moves in a trnticcd directum muH be 
equal to the weight multiplied by the space Ihrovgh which it moves 
tn a vertical direction; that ia, the greater the apace is through 
which the power moves, the less need the power itself to be, 
which is to raise a given weight. This may he illustrated 



by a very Biraple example^ Suppose the joint weight of 
10 distinct pounds was to be reused to the hei|;ht of 1 foot; if the 
power employed to raise it is to he expended id one -single efibrt. 



_t must evidently be equal to I X 10 = 10 ; but if the power ie 
permitted to make 10 distinct efforts, raising each time lib. of 
the weight, then the power 1 will have moved through 10 times 
the space, and the total expenditure will be lOXl^ll)! as 
before.* 

§ 174. Before concluding this chapter, it will be well to 
say a few words on the construction of the balance — an 
instrument of the most universal application, both in the 
arts and sciences. It consists of a two-armed lever 



* Setting out froia Ihe principle of virtual velocities its in imiin, 
we might esttblish the la.w of each simple machine, bb fi>und in the 
preceding sections, by the simple force cf malhematicBl reasoDing ; 

bnt IS this wouldoonstdenbly swell the pages "<■"■"—' —.t—^ 

maleriftlly increasing Iheir practical utility, w 
Ihe treatiBes on mechanics. 



Digilizcdt, Google 




164 BUUNGE. [CHAP. IT. 

Us. lift. (Fig. 115), in which 

the fulcrum, F (here 
called the axis), ia in 
the middle, between 
thelwo points Aand B, 
from which are bus- 
pended the ecalea, in 
which ttfe weights are 
placed. The use of 
this instrument ia suf- 
. ficiently plain from its 
coQSttuction. When the beam or lever, AB, is in a hor- 
izontal position, it indicates an equality in the weights which 
are compared in the scales. 

^ 175. The requisites of a good balance are principally 
these : — 

1. The two arms should be perfectly equal to each other. 

2. The axis of the fulcrum should be above, and not far 
from the centre of gravity, of the beam. 

If the fulcrum were in the centre of gravity, the beam, loaded 
with eqaal weig-hta, or not at sll loaded, would remain at rest in 
any position ; whereas it is intended that an equality between 
the weights should be indicated by tlie horiz<mt<d position of the 
beam. If the axis were below, or too far above, the centre of 
gravity, the apparatus might easily be upset, or have too great 
a tendency to persevere in a horizontal position. 

3. The axis, and the points to which the scales are at- 
tached, should be in the same straight line. 

4. Th% arms of the lever should be made sufficiently 
Strong not lo bend when charged with the weights, and, at 
the same time, not too heavy ; because this Would destroy ' 
the accuracy of the balance. 

5. Frictions at the anis and the points of suspension 
ought to be avoided as much as possible ; wherefore it is best 
to make the axis and points of suspension of hardened 
steel, and in the form of a sharp wedge, to diminish the 
points of contact. 

^ I7G. The most accurate way of using the balance, is 
to pbce th^ thing whose weight is to.be ascertained in one 
Ec:'.!c, and lo balance it by any convenient substance in the 
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Other ; then remove the thing, and introduce iu its stead as 
many weighta as will again eetablish the equilibrium of the 
balance. By this method'( which is, of course, not very con- 
venient in practice) alt errors arising from the inequalities 
of the arms, or other imperfections of the' balance, are com- 
pletely obviated. But, whatever precaution we take, the 
balance is never.a ^r/ec^ instrument .for determining the 
weights of bodies. The friction at the axis and the points 
of suspension is always a hindrance to the motion of the 
beam, to overcome which the difference between the weights 
must exceed a certain minimum, before the position of the 
lever will be changed. 

Mr. Ramsden constructed a balance for the Royal Society of 
London, which, when loaded with lOlbs., would turn with half a 

C'n, or the ten miDlonth part of the weight; and Portin, of 
8, constructed one which, when citarged with 4 lbs., is turned 
by the J^ part of a grain. In all such cases, knowing the de- 
gree of accuracy of which the balance is susceptible, we know 
the extent of the error to which its results may lead aa. 

^ 177. The common steelyard is another kind of bal- 
ance, less accurate than the one we have just described, but 
frequently used for weighing heavy goods. It consists of a 
tWo-armed lever; but the fulcrum, or 'axis, is not in the 
centre, and divides the beam into two unequal parts, as repre- . 
seuted in Fig. 116. 
«g. US. In this i 



J 



[istead of placing 
different weights at 
the same distance 
from the fulcrum, 
the same weight is 
placed at different 
distances, to be in 
equilibrium with 
the bod^ which b to be weighed ; for, according to the law 
of the lever, the weigbt of the body will be to the poise, P, 
in the inverse ratio of their distances from the axis. In this 
balance, the weight and poise are equal, when they are both 
at the same distance from the axis : when the poise is twice 
as far, the weight of the body is twice the poise, and so on. 
In this manner the longer aim of the steelyard b graduated 
to faciliute its application in practice. 
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There ue jet other instrameats for determiniog the 
weight aad qvecific gravities of bodies, some of which we 
ahall become acquainted with in tbe next chapter; and, for 
the rest, we must refer the student to the Intioduction of 
oar Elements of Chemistry. 



RECAPITULATION 

or TBE HOST IMPOKTANT PBINCIPLBB CONTAINED IN 



[^ 150] To what may all simple machines, together 
with their compounds, be reduced? 



O/tlie PvOei/. 

[^ 151.] What do yon call a pulley 1 What do you call 
a fixed pulley I In what directions are the power and weight 
applied to the wheel of the machiue ? What ia the propor- 
tion between the power and weight of this machine T 
.Whyl (Explain Fig. 94.) What advantage, then.-is gain- 
ed by this machine 1 Explain Fig. 95.* 

[§ 153J When ia a machine called a movable pulteyt 
(Explain Fig. 97.) If the directions of the ropea, in this 
arrangement, are all parallel to each other, by what is the 
whole weight sustained ? What follows, in this case, from 
the tensions of both parts of the rope being equal ? What 
proportion, therefore, exists in this arrangemtnt betieeen the 
power and the aeight ? 

[^ 153.] If the directions of the cords AB, DE, are not 
parallel, but inclined to each other by any angle you please, 
by what rule can you then determine the relation of the 
power to the weight ? (Explain Fig. ^.) What is the ra- 

* Cut vou explain the law of the pulley matheniBdcallf ^ (Ezplain 

Fi^. 96.) Whst i- ■'■ ' — -' ■'- " -' "-- — -■-' 

to the power of n 
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tio of the power to the weight in such a tpacbine? • What 
mast the tedght in this arrangtment be abetws less Ikanf 
Whyl ' 

[^ 154.1 By what means may the mechaQical power of 
the putlej oe increased ? What is such arrangement call- 
ed T (Explain Fig. iOO.) How does,, in this system, th« 
power of one weight act upon the other? What, therefore, 
is the relation of the weight to the power in the arrange- 
ment represented in the figure T 

Why ? What would be the relation of the weight ta the pow- 
er, if there ware 4 movable pulleys ? What, if there were 5 ? f 

[^ 155.] Can a single rope be so arranged by a mova- 
ble pulley, that the power supports three times the weight! 
Explain Fig. 101. 

How is the same power produced hy the arrangement repre- 
sented in Fig. 102.^ How is a aystem of pulleys, for the sake of 
compactness, oflea arranged ? tfhat u the rtlatiim of the tetighti 
to the power, wben several seta' of pulleys are employed ? Sup- - 
pose two Bets only were employed, the weig'ht of the one being 
10 times the power, and, in the other, 5 times the power, what 
would be.tbe proportion between weight and power of the whole 
machine.^ 

- [^ 156.] By what are the mechanical effects derived 
from a system of pulleys, diminished, in practice? To 
what do these hindrances oflen amount? What are the 
. principal uses of the pulley t 



Of the Wheel and Axle. 

[^ 157J What do the wheel and axle consist of T 
(E^^tpIainFig. 104.) What may be used instead of the wheel! 
What is the machine called, if the cylinder be provided 
with a winch ! 

* CaD jou pri^e, mathenutieally, that the leniiim of either pari 

Iff the rape is to the vieight ai the centre, as the radna of the jnilUy is to 

ike chord embrated by ^ arc T What chooga does ihia formulii un- 

dereo, wh^n the directionB of the lope me patallel to each other P 

- WiQi what does thia rale agree ? ' 

t Can TOO expreiB this law mathematically I 

14 
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^ ISS.] What is tbe machine called, when the axis or 
the machine is TeRioal 1 Fot what purposes is it then used 1 

[§ 159.1 To what simple machine may the wheel and 
axle be reduced 1 What, therefore, is the ratio of the power 
to the leeigkt f What would be the ratio of the power to 
the weight, if the radius of the wheel were S times that of 
(be axleT What, if it were 10 times that of the axle? 

Does it make any difference whether the power is applied 
immediately to the circumference of the wheel, or to the 
■pokes, or to the winch t 

[^ 160.] Can you in practice diminish, at pleasure, the 
diameter of the axle, or increase that of the wheel ? Why 
not t How are these inconveuicnces partly remedied T 
(Explain Fig. 107.) Explain the operation of this arrange- 
ment. What need the power, P, muUipHed by the radius of 
thew^elor teinch, oidy be equal to? To mhat, therefore, 
fa ttij arrangemeTit equivalent ? 

[% 161 .] What are the uses of the wheel and axle 1 
Wherein consists its greatest advantage? What, therefore, 
hash been called) What is a common lever used for 7 
Where must the-wheel and axle be employed ? 

r$ 163.] How may the wheel and axle be combined 
with each other ? Explain the arrangement represented in 
Pig. 108. In what proportion is the united power of this 
arrangement to the weight 1 Supposing there are 5 
wheels employed, and the radius of each wheel is 4 times 
that of the- axle, what is the ratio of the power to the weight ? 
What, if 10 such wheels were employed 1 

What is necesssry in order that the wheels and pinions of such 
a cornbination of wheels shall work together ? What follows 
ftom this ? 

\^ 163.1 'In what proportion are the velocities Of the 
pinions and wheels? Why? Give an example. 



Of tht Wedge. 

{§ 164.] What is the wedge an application of? How 
IB It constructed and ased ? Bxplain Fig. 109. 

[^ 165.] Is the power of the wedge as easily computed 
a« that of other aimple machinea ? Why not? 
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Whit other difficulties ue yet in the w&y of tha conputattOB 
of the power of the wedga ? • . 

[§ 166:] What inBtrumeiits or tools in the raechaaic 
arts are referable to the theory of the wedge 1 How is Ikt 
power of the teedge, in tdl these cases, aereasedf la there 
DO limit to t^ie 1 

How does & nail, driven into a piece of wood, or iuto h -waXt, 
ftct ? By whftt IB it afterwaidB retuoed ? How does a saw act ? 

Of the Screw. 

[^167.] What does a screw consist of T What are the 
two principal parts of the screw 1 How ate they formed T In 
how tnany different ways is this machine used ? With what 
is sither of these arrangements combiiied 1 

[^ 168.] In what manner may you coasider the- thread 
of a screw formed T What law, therefore, applies to the 
screw t What is tlu ratio of the power to the resistance of 
the screw ? 

[^ 169.] To what does this ratio of the power to the 
resistance of ihe screw only apply ? How many times less 
may the power be, when it is applied by means of a lerert 
And as this lever, when the screw is used, describes the cir- 
jCBmference of a circle, what will be the combined ratio of 
the power of this arrangement to the weight? In what ratio, 
therefore, does the power increase in the same screw 1 In 
what ratio does it increase upon different screws, the power 
being applied at the same distance Tf 

[<^ 170.] In what cases is the scr€W principally employ- 
jrA 1 For what other purposes is it used 1 

[§ 171.] With what other machine may the screw be 
adrantageously combined T Describe this ■ acrangeraeiit. 
(Fig. 113.) What do you call such an arrangement 1 How 
is its power calculated 1 

* If yon abatraot fpom friction, what relation aubaiata, mathemati- 
cally, between Ihs power applied to the back, and the foroea eierted 
againat the indes of the wedge i 

I If p atands for the power, r for (he leaialance, D for the distance 
at which the poweris applied from the aiis, h for the distance be- 
tween two adjacent threads, and 2ii for the circumference of a circle, 
whose radioe is 1, how can you expreaa the relation between the 
power md teiifttmce of the screw mathematicallj P 

D:,':c.Jt,C.OOglc 
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Wh»t IB the ratio of the power of the whole machine to the 
weight? Suppose the distance between two adjacent threads is 
4 inches, the length of the winch 24 inches, .the radius of the 
wheel 30 inches, and that of the axle 5 iachcs ; whet would be 
the ratio of the power to the weight of this maciiine? 

[^ 172,] What are the five simple jnachinea, — the lerer, 
the inclined plane, the pulley, wheel and axle, wedge and 
Bcrew,-:-called T Why? Giye instancee. 

[^ 173.] When a machine is at reat, how is the pressure 
excited by the power and weight always distributed? Gire 
an instance. 'Houj large a meigit, therefore, does the power 
in all cases support ? 

How are the power and weijfht distributed on the simple or 
compound level? How much of the "Weight on the movable pul- 
ley 18 supported by the tension of the fixed cord? What portion 
of the weight, therefore, does the power support ? How is the 
pressure of the power and weight distributed on the wheel and 
■lie ? How, on the inclined plane ? 

What principle can you prove in reference to a maciiine 
which is'in motion T What aniversat law subsists in refer- 
ence to all machinery ? 

How can yon prove that this law holds true of the lever? 

Explain Fig. 114. How does it apply to the wheel and 
axle ? How to the screw J What general inference can. 
we draw from this f 

hxuihat cotuitlt the principle of virtual vdoeiliu^ How caa 
you illustrate this principle by an example? 

[^ 174.] What are the principal parts of a balance? 

[^ 175.] What are the principal requisites of a good 
balance ? 

[^ 176.] What is the most accurate way of using the 
balance 1 Is the balance a perfect instrument for ai 
ing the weights of bodies T Why not 1 



[§ 177.] Of what does the common steelyard consist! 
How is this instrument used 7 When are the weig&l. and 
poise, in this balance, equal to one another 1 When is th« 
weight twice the poise ? When three times T &c. 
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CHAPTER V. 



LAWS OF MOTION OF FLUIDS. 



A^^PBESSCRE, WEtOHT, AND EQUILtBBIUU OF LKtBID*. 

_ ■ [Hydrostatics.) 

^ 178. Fundamental Latr. — A liquid in a vtttel eanttot 
rest, tmtil its surface is perfectly horizontal and level. For, 
if aoj part of the fluid is placed higher than the rest, and 
theD left to itself, it will, on account of the extreme mobility 
of its particles, descend as on an inclined plane, and thereby 
raise the tower parts, until its surface is perfectly cTen. 
§ 179. Water, or any other liguidwhich cojamunicates with 
water, or the same liquid. 
Fig. 117. by means qf eoMols, tuba, 

or pipes, stands equalhf 
highin both places. Thus, 
water atands equally high 
in the two legs of a si- 
phon. (See the figure.) 

^□lis may be shown by experiments, and explained in this 
way ; When the surface of a 
Fig. 118. liquid is once honzoDtal, every 

part of it must be at rest. Now, 
if the part A, for instance, is 
taken away, the neighboring 
partmustflowinitsplace. This, 
however, is rendered iropoasible, 
if some hard, impenetrable body, 
of the same bulk and shape, is substituted for it. Tbe remaining 
jiquid will then continue in its horizontal position. And it makes 
no difference whether A is in the middle of the basin (as in one 
of the figiMes], or on one of its sides (as in the other], or if thera 
He threa, four, and more places, in which, instead of ihe liquid, 
a soiid kindratice ii placed, to prevent tiu con/Iuence of the ItjinA 
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f one of the legs of a eiphoD is shorter than the 
other, and provided with an orifice in B, then 
the liquid aalliee forth from this orifice ; and 
if the stream is directed perpendicularly up- 
wards, it is thrown nearly as high as the sur- 
face of the liquid in the other leg. 

The reason why, in reality, it does not reach 
the same height aa the auilBce of the liouid in the 
other leg, is because the resistance of the atmos- 
phere and the friction of the orifice impede its 
velocity, 

^ 181. If, ' instead of providing an orifice, it fa closed 
with a horizontal plane, AB, then the 
Wig. lao, pressure of the liquid upon that plane 

(upwards) is equal to the column 
ABCD of the liquid, which, 'when 

[ilaced upon' AB, establishes the equi- 
ihrium. 

Thus, if AB is closed with a bladder, it 
IH necesaaiy to place upon it aa muCh 
■weig-ht as ia equal to the column ABCD, 
1 equihbrium in the other teg. This may be 
shown by experiments, A small quantity of water in one leg 
can thus exercise an enoimoua preaaure upon a horizontal aur- 
bce, AB. Thia pressure has been taken advantage of in the 
construction of Count Real's filtering press, and in Biahma'a 
hydraulic press, Ibr the description of which we refer the stu- 
dent to our treatise on Chemiatiy — {Chemical Apparatju.) 

^ 182. Thi pressttre of water , or any other liquid, upon 




which would be i: 



■'hipress 



I equal to the weight of a per- 



pendicular cohmm, ab cd,ofthe same Squid, which haifor itt 
Oasis the bottom of the vasel. It ia, therefore, leaa than the 
weight of the whole liquid, if the vessel grows wider near 
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the top ; greater than the weight of the whole liquid, when 
the vessel grows narrower near the top ; and equal to the 
-whole weight of the liquid, when the vessel is throughout of 
the same diameter. Thus the pressure upon the bottom of 
each of the three vessels represented in Fig. 121, is the 
same, if (he bottoms of these vessels are equal, and the 
liquid stands equally high in all. 

This law takes its origin in the dispoaition of aO fluids to ex- 
pand tbemaelveB horizontaUy in all directions. For it has been 
said before (§ 179), and it can be proved 
Fis- I23> also by experimenta, , that the liquid 

must stand equally high in both legs of 
two communicating tubes [Fig. 122), 
ivhattver be their shape ; consequently, it 
makes no difference whethA one of the 
legs grows narrower or wider at the top ; 
that is, whether tho shape of the tube is 
a^bhoT abef. In both cases, the liquid 
rises as high in one leg as in the other ; 
which proves that the pressure upon the plane ab is always the 
eame ; namely, equal to the perpendicular column abed, wtuch of 
itself would be ia equilibqiim *ith the liquid in the other leg. 

§ 183. Lateral Pressure of Liquids. From what has 
gone beibre, it follows, that the pressure upon any point in 
tht side of a vessel, dtptnds upon the height of the liquid 
above that point. The deeper, therefore, this point is situ- 
ated under the surface of water, the greater is the pressure 
upon it. Moreover, it may be mathematically proved, that 
the velocity with tehieh the mater spouts from different orifices 
Ml the sides of a vessel, is proportional to the square root of 
the perpendiatlar distance of that point from the surface of 
the liquid in the vessel. 

Upon this lateral pressure depends the reaction of water on 
pipes tiuvugh which tt flows: If a suspended vessel be provided 
with severed such pipes, it will turn in the opposite direction to 
that in which the water runs out by the pipes. 

^ 184. Liquids of different specific gravities (see ^ 24, 
page 23) do not stand equally high in communicating ves 
sels or tubes ; but the specific heavier will stand as man* 
times lower than the other, as its specific gravity is greater 
than that of the liquid in the other tube. 

This may be proved by experiments, and is sufficiently erident 

D:,-:c.Jt,C.OOglc - 
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quickailver aoiT water, the wate)' will st&ad nearly 14 timei high- 
er than the quicksilver. 

^ 185. When the surface of a liquid in a vessel is per- 
fectly horizontal, then every portioD of it ia kept in ils pkce, 
or held up by the pressure of the surrounding parta. The 
same pressure is exercised upon any solid body immersed in 
it, which is therefore held or pressed upwards with the same 
force as an equal poitioi^ of the liquid. From this we derive 
the following general law : A body immersed in water, or tn 
any other Jluid, loses as much weight as an equal bulk of 
the jiuid weighs i and the jimd gains the same wetght. 

§ 186. According to this law, a body immersed in a 
liquid of the same specific gravity must rest in the pl&ce 
wliere it is put. ifeut a body of greater specific gravity wiH 
sink, and one of less specific gravity will rise to the top, 
and float. 

In the first case, it loses all its weight, and, its pressure down- 
wards being every where the same as that of an equal portion 
of the liquid, there is no power, either upwards or down- 
wards, to put the body out of its place. In the second case, t^e 
pressure downwards is greater than the pressure of the liquid 
upwards ; therefore the body must follow the irupulse of the 
greater force, and siidc Finally, in the third case, the pressure 
of the liqnid upward is greater; consequently, the body must 
rise, and float.* 

^ 1S7. The law just given, with regard to solid bodiesit 
l^tplies equally to liquids of different specific gravities. 
Thus, if several fluids (which have no chemical affinityt for 
each other) be poured together in the same vessel, the ' 
specilic heaviest will descend to the bottom, and the specific 
tightest will rise to the top. 

It sometimes happens that a specific heavier body rests en the 
surface of a lighter fluid. But this lakes place only, 

1st. When the lower fluid can no where give way to the upper 
fluid, and at the same time the sides of the vessel are strong 
enough to resist their united pressure ; 

2d. When the pressure of fite upper fluid is in every point the 
same, because in this case no point can yield. 

* The weigbtof thaimuierBed body is always = G—g, wb«e G- 
U tim absolute weight of Ihe bod;, and g the weight of an equalbulk 
of the liquid. 

t See § 44, page 40. 
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APPLICATION OP THE POREQOING LAWS TO THE DETERMINA- 




^ 188. For the parpose of ascertatning the ^cific grav- 
ities of hodiea, we make use of an instrument c^led the hg- 
drostatic balance, whose difference from a common balance 
consists chiefly in one of ita scales 
FiR. K3. being shorter than the other (see 

the %ure), and provided with a 
hook, by which the heavy body 
which is to be weighed is suspend- 
ed. The body is first weighed 
outof wUer ; then it is immersed, 
and its loss of weight ascertained, 
. which (according to ^ 185) is the 
weight of an eqaal bulk of the 
fluid. If the Bpecific gravity of distilled water is taken for 
unity of measure, then we need only divide the aisotate 
toetght of the body by its loss, tchen itnmersed in distilled 
water; the ansiBtr unB be the specijic gravity of the bodyt 

^ 189. The principal cases that can occur in the deler- 
minatioD of specific graTities, are the following ; — 

1st Case. When I be body is heavier than joater. Weigh 
it first out of toater, then ascertain its loss in water, and di- 
vide the one by the other; the ansteer is the specific gravity 
of the body. 

Example. Let the body weigh 3 lbs, out of water, its 
loss in water 2 Ibe. ; then its specific gravity is } ^ 1.5. 

2d Case- WTien a body is lighter than water. Annex to 
it ft piefe of a heavier body, ahose weight and loss in water 
have been preniously ascertained ; so that it will sink. From 
the loss of the contpounded mass subtract the loss of the heavy 
body alone; the difference is the loss of the body whose spe- 
cific gravity is to be ascertained. Its ^solute weight, divided 
by this less, WiB then be its specific gravity. 

Example. Suppose a piece of elm weighs 15 lbs. out of 
water, and a piece of copper, which weighs 18 lbs., loses 
3 lbs. when immersed in water; let the compound mass loae 
27 lbs. ; then 27 lese 2 = 2S, is the loss of the elm done. 
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which, divided into the abeolate weight of 15 (be., gives 
^ =: g, or 0.6, for the specific gravity of elm. 

3d Casi. -For ajfaid. Find tkt hss of wdght of one 
and the same bod^ in water, and in the fluid trhose specific 
gravity ia to be aseertained ;' divide the loss in the fluid by 
that in ibater: theansweris the spedflc gravity of the fluid. 

Example. Suppose a piece of iron * ioses id distilled 
water ^ lbs. and in sea-water ^ lbs.; then, the specific 
graviiy of sea- water is -j^ divided by ^, ^^^^ 1.03 nearly. 

Other means also are employed for the dcterroination of the 
■pecific gravity of fluids ; the most jraportant of which are de- 
scribed in Chemistry, under the head of Chemical ^ppamiua. 

§ 190. Floating and Immersing of Bodies. Bodies,. 
whose specific gravities are less than that of water, roust 
float on its surface, or immerse only as fat as will make the 
weight of the whole body equal to the weight of a buik of 
water of the magnitude and shape of the immersed part. If 
such a body is forced down deeper, and let free, it Will rise 
again to the same height. 

This may be shown by numsroua experiments on woods, and 
other substances ; the heavier they are, the deeper do they im- 
merse ; but if a piece of light wood be forced down into the wa- 
ter, luid then left tee, it will immediately rise again to the sur- 
face. 

§ 191. Wine and Beer Scales. It follows from what 
we have said, that the. same body cannot be equally de^ 
immersed in liquids of different specific gravities, and that 
it will immerse deepest in the specific tightest fluid. Upon 
this principle is founded the construction of wine, beef, and 
brandy scales ; the construction of Nicholson's aerometer, 
&c. ; all which are described in the Introduction to Chem- 
istry. 

^ \9^. Stoinaning. Bodies of greater specific gravities 
than water, can be made to float, by making them hollow, 
or compounding them with lighter substances,' so. that the 
weight of an equal volume of water is still greater llian that 
of Uie compound nuue. 

• For Ihii pnipoBB, a piece of glam ia genBrally Med ; particulirlj 
in ucartaiiung the B|>ecific giavitj of acidii, which affect metali chem-^ 
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Hereupon is founded the floating of empty bottles, of vessels, 
Sic; tliG rising of balloonB ffllod with a lighter fluid- than tir, 
&c. ; iwimming by means of bladders, &c. 

The specific graTity of the human body averages 1.12. There 
•re, however, men whose specific gravity is lea 8 than water. 
These are natural swimmers. Very fat men are generally good 
swimmers ; beeause, by displacing a greater (luantity of water, 
they lose more of their own weight 

^ 193. Position of a Floating Body. The positioD of 
a floating body depends on its centre of gravity, and on the 
centre of gravity of the bulk of v^ater which is displaced by 
the immersed part of the body. Both centres of gravity 
must lie in the same vertical line ; otherwise the body can- 
not remun-in its position. The deeper the body is ini> 
mersed, the safer is it from turning over. In general, Hm 
centre of gravity of a swimming body otight at least to be 
under the surface of the water.* 
■ « 194. Absolute Weight of a Cubic Foot of Water. 
Wnen the weight of a cubic inch or foot of distilled water is 
known, we can find tk^ absolute weight o^ a cubic foot of any 
substance, by multiplying the specific gravity of that sub- 
stance hy the weight of a cubic foot of distilled water. 

Hutton, io his course of Mathematics, makes a oubic foot of 
irnter e<iuai to lOOO ounces avoirdupoia weight. This, how- 
ever, dieagreee somewhat with the stateinents of others. In the 
same maimer do the specific, gravities in his table disagree with 
those' formed by some of the best chemists. Lavoisier and Bris- 
BOnf fonnd a cubic foot of rqjn yratBT equal to 70ibB. Paris weight. 
E8e« the table of specific gravitieB at the end of the book.) 



B. FRESBUBE, WBIOHT, AND BltUtLlBUlUM OT BbA8TIC;n.DnM. 

(Aerostatics.) 

^ 195. Fundamental Lam. — When aA tlastit fiuid it 
shut up in a vpssel, it unU press its aides equaUy in alldi. ee- 
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tiaiu, mtk aforetprmortiamU to the tlastieitytfikt enclosed 

§ 196. If the sides of the vessel are not strong enough 
to resist this pressure, then the fluid will burst through 
them ; or, if the vessel be provided with an orifice, the fluid 
will pass through it, until rts expansive power is exhausted. 

^ 107. An elastic fluid cannot escape from a vessel, 
when the elasticity, and consequently the pressure, of an 
elastic fluid without, is equal to the pressure of the fluid 
within the vessel. If the pressure of the elastic fluid witb- 
oqt is greater than that of the elastic fluid within, and the 
vessel is provided with an orifice, then the fluid from with- 
out will enter the vessel ; or, if the pressure of the inner 
fluid is ^eatest, it will escape through the orifice, until. (he 
elasticitiesof both fluids are in equilibrium. 

% 198. CompressiUlilif of Elastic Fluids. Every elas- 
tic fluid can, by pressure, be forced ihlo a smaller bulk. 
Its elasticity and density are then found to increase in pro- 
portion to the force 'or weight which compresses it. (See 
the experiment deacribed, § 10, page 17.) The elasticity 
and density of elastic fluids are also increased by compres»- 
ing greater quantities of them in the same space. Batk 
modes of compression must have their limits, when the fluid 
has reached its greatest density.* 

^ 199. The degree to which an elastic fluid may be 
compressed, varies. Some of. them lose, by great pressure, 
their elastic form, and become liquid ; others are permanently 
dasliCfU least as far as our experience gpes, by the great- 
est pressure until now applied to them. 

Probably all elastic fluids would become liquid, if it were pos- 
sible to compress them sufficientiy for this purpose. 

^ 200: Absolute tmd Specific Elasticity of Fluids. We 
distinguish also between absolute and specific elasticity of 
fluids. By absolute elasticity we niean the degree with 
which it resists pressure or compression ; by specific elas- 
ticity we understand the degree with which an elastic fluid, 

* Tobiu Msjer'a Nat. Phil. pag« 197. 
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of the salt dmsily, resists piesaure. Thus, of Iwa elastic 
&iida, which resist pressure with the same force, the spec^ 

elasticity of tbe thinner fluid is the greater. Fluids of the 
most different specific elasticities, may yet ha?e the same 
absolute elasticity, and therefore be in equilibrium with each 
Other. 

§ 301. Formation of Atmospheres. When aa elastic 
fluid is attracted by a solid or liquid body, it must form 
mrouni) it an atmosphere, whose density will he greater near 
tbe body than farther from it ; because the layers which are 
next to the body are pressed by the gravitation of those 
■bove them. Kvery body in nature may, in this manner, be 
surround^ by an atmosphere. 

§ 202. Equilibrium of Elastio. Fluids. When sHch an 
atmosphere is in the state of rest, then every part of it is, by 
ha elasticity, in equilibrium with the pressure of the gra^ita- 
ting parts above. It will, therefore, neither give way to that 
pressure, nor cause any motion in the surrounding par- 
ticles. 

§ 203. Motion of Elastic Fluids— Winds, Sf-c. But 
if, by some mechanical or chemical cause, either the 
elasticity or the density of the laytfrs, or even the pressure 
9f the surroundiag particles, is changed, then a motioii 
of the Quid, or at least of a portion of it, must necessarily 
take place, and continue until the conditions of its equilibrt- 
um (^ 197, page l(i8) ace again established. 

Upon this principle depAiis tbe whole theory of winds and 



^ 204. All elastic fluids are ixptmded by heat, and com- 
pressed by cold. In the first case, they exercise, with much 
less density, the same pressure as before with greater densi- 
ty. .Thus, heat increases the specific gravity of elastic 
fiaidsi 

This we know from experience ; the power of steam, for in- 
stance, increases with the heat. In a closed, wann room, tbe 
pressure of air often becomes insufferabie, when we may expose 
ourselves to the same, or even a greater defjree of heat, without 
Btiffering any inconvenience from it, when there is a draft or an 
aperture for the inner air to pass through, and establish the equi- 
librium with the air without. A bladder filled with air, will burst 
when exposed to heat, &c. 
15 
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^ SOS. When two or more daMio floids are placed <afOD 
Mie another, the specific heaviest will descend, and the spe- 
cific lightest will liae to the top. In such cases, the laws of 
bydnwtatics (^ ITS, 179, page 161) apply to elastic fluids. 



RECAPITULATION. 



A. — Pressure, Weight, and EquHibTium of Liquids, 
{ffydrostaiics. ) 

[4 173.1 Can you teU me the fimdamentaJ late of Aydr»- 
ttattcs 7 How caa you convince me of ita correctness T 



[^ l''^-] What lam is there ioith regard to water, or aay 
Other liquid, toUcA communicates wit^ water or the .sdKe 
Uquidf 

How can you explain tbia principle? 

[^ ISO.] What takes place when a filled siphon has one 
of its legs shorter than the other, and provided with an 
orifice t 

What is the reason that the liquid which aalliee forth from the 
orifioe of the shorter teg, does not i^ach the same height as the 
anrface of the liquid in ue other leg ? 

[^191.] If, instead of being provided with au orifice, 
the shorter leg of the siphon is closed with a horizontal 
(Jane, what wUI the pressure upon that plane (upwards) be 
equal toT 

If the shorter end be closed with a bladder, how much weight 
pinst be placed upon it, to be in equilibrium with the liquid in 
the other leg? What are we, by this law, enabled to produce? 

[§ 182.] What is the pressure of water, or_ any other 
tiquid, upon thebottom of a vessel, equal to ? When is this 
pressure less than the weight of the whole liquid ? When, 
greater than the weight of the whole liquid 7 When is it 
aqual to the weight ^ the whole liquid ? 
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[^ 183.] Upon wltat does the pressure upon any point 
in the side of a vessel depend? What law exiats with regard 
to the velocit; with which water spouts from different ori- 
fices made id the sides of a vessei 1 

What depends on this lateral pressure? Whatphenomenaare 
expluned b; it? 

[^ 184.] Do liquids of different specific gravities stand 
equally high in communicating vessels, or tub^ ? What law, 
then, is there for such liquids? 

If the two liquids ore water and quicksilver, how much higher 

will the wat«r stand than the quicltsilver ? 

[^ 185.] When the aurfaceof a liquid in a vessel is per- 
fectly horizontal, how is every portion of it held up, or kept 
in its place t What pressure doe» a liquid exercise upon 
s solid body immersed in it ? What general late is derived 

[^ 186.] How does the law yoii have just named apply 
to a body which isimmerscd in a liquid of the same specific 
gravity t How does il app'y to a body whose specific graT- 
itj is greater than that of the liquid ? How, to a body whMe 
Wpeci&c gravity is less than that of the liquid 1 

How can you explain these three caaes? 

[^ 187,] Does the law you have jost given for solid 
bodies, apply also to' liquids of different specific gravities T 
What takes place if several fluids which have no chemical 
affinity for each other, be poured together in the same 

Is this rule without exception ? What are the cases which are 
exempt t^rom it P 



AppiHeation of tite foregoing Laws to the Determination of 
the ^eeific Gravities of Bodies. 

[% 188.] What is the name of the instrument which is 
used for the determination of the specific gravities of bodies 7 
What does it consiaVof? How is it used? If the specific 
grayit; of distilled water is takea for unity of measure, horn 
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It the ipenfie gravity of a body found, vihen its absolute 
teeight, and its loss in distilled water, are known ? 

[§ 189.] Which are the (H-incipal caeea that can occar 
in the determinatiop al specific gravities ? Moid do you 
find the specific gravity of the body in the first case 7 -Hote 
in the second? How in the third? If, in the Grst case, the 
body weighs 3 lbs. cut of water, and its loss in water ie2 
lbs., what is its specific gravity 1 Aga.ia, if, in the second 
case, a piece of wood weighs 15 )bs. out of water, and a 
piece of copper weighing 18 lbs. loses 3 lbs. when immersed ; 
if, fiirtheT, the compound mass of copper and wood loses 27 
lbs. in water, what is the specific gravity of the wood? Ft- 
nallj, if a piece of iron loses id dial! tied water ^Ib., and in 
aea>water iv> ^^* ■" ^'■'' apeciBc gravity of the sea-water f * 

[^ 190.J To what depth can a body, whose specific 
gravity is less than that of water, be immersed? What 
takes place when it is forced down deeper, and then left to 
itself again? 

[^ 19I.J Can the same body be immersed equally deep 
ID liquids of different specific gravities ? In what fluid will 
it be immersed deepest ? 

What instruments are constructed on this principle ? 

[^ 192.] How can bodies of greater specific gravity 
than water, be made to Jkiat ? 

What pbenomena are eiplainedby this principle? What is the 
svera|;e speciRc gmvitjr of tt^e human body ? Why are fat men 
naturally good swimmers ? 

[^ '^} Oil what does the position of a floating body 
dfipeiKl 1 What is necessary in order that the body shall 
remain in its position? What must be the positioD of a 
floating body, in order to secure it from turning overt 
What position should the centre of gravity of a swimming 
body have with regard to the surface of the water T 

[^ 194.] When the weight of a cubic inch or foot of 
distilled water is known, how can you find the absolute wei^it 



ejBjQpleH [u he may 
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a cubic foot of any svhstance, when ils specific graoity it 



^ a cubic J 



B. — Pressure, Weight, and Equilibrium of Elastic I^Tuida. 
{Aeroitatics.) 

S195.] What IS the fundamental law Tot an elutic 
shut up in 8 vessel.? 

[§ 196.] What will take pface if the sides of the vesgel . 
mre not strong enough to resist the pressure of the flaid 
within? 

[^ 197.] Can an elastic fluid escape irom a vessel, when 
the pressure of an elastic fluid without is equal to that of the 
fiuid within ? What will take place if the pressure of th« 
elastic fluid without is greater than that of the fluid within, 
and the vessel is provided with an orifice T What, if the 
pressure of the inner fluid is greatest T 

[§ 196.] What can every elastic fluid by pressure be 
forced into? Jn what ratio do the density and elastioitj 
then increase 7 Is there no other means of increasing the 
elasticity and density of a fluid T What is it t 

[^ 199.1 Is the degree to which elastic fluids may' be 
compressed, the same in all fluids ? What changes dd 
Kome of them' undergo, when compressed .? What 'arc 
these fluids called, which, even during the greatest press- 
ure applied to them, retain theit elastic form 1 

Is it probable all elastic fluids may become liquid by preB»- 

[§ 200.J What do-you understand by absolute and ^)e- 
cific elasticity of fluids ? Can fluids of different speciflc 
elasticities be in equilibrinm with each other T When, does 
this take place ? 

[% 201.] When an clastic fluid is attracted by a liquid 
or solid body, what does it form 1 Why must the density 



Digiiizcdt* Google 



BCCATITULITIOH. 



[^ 203.] When an atmosphere is in the Sate of test, 
bow is ever; particle of it kept in its place t * 

[§ 203.] But what must take place, when, by scHit« 
cause ot other, either the elasticity or density of the l^ers, 
or even the pressure of the surrounding particles, is changed t 

Wb»t do you call this motion, when occurring in our own aW 
mosphere ? f and what phenomena does it explain ? 



[^ 204.] How does heat affect all elastic fluids* How 
does heat affect the specific elasticity of fluids t 

Give oKamplea of such effects produced by heat. 

[^ 205.] When two or more elastic fluids are placed 
imon one another, what respective positions will they takel 
What laws apply here? 



* B7 Ita vwn elutleitj, whiob is in eqnlUbriaD) with the giavka- 
liiig HrtialM ■bore. 

I Am. Thia rootioii i« then called vrmd; which, sccotdiog to tbe 
llitectioii in wUch it moves, ia called nortA or ttniA, v>etl or «ut 
wind. He whirlwind is cuued by two cuneata of aii moving in 
i^poiita directiDni. 
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CftAPTER VI. 



MECHANICAL PROPERTIES OP THE ATMOSPHERE. 



§ 206. Exislfnce of Atmospheric Air. Our earth IB 
OTeif where sDirounded by a thio, invisible fluid, which is 
termed the atmosphere (^201), of whose existence every 
daj'B experience furniahes sufficient proof. 

Here the teacher may give some exBrnplea. The rapid ioo- 
tloa of the hand produces wind ; a tumbler, or a bottle, with the 
bottom uppenooit, held perpen die ultxly. under water, is only 
partly filled, but when held obllqaely, air departs fiom it in 
bubbles. The aaiue is tbe case with a diving-bell, &c. 

^ 207. Height of the Atmosphere. The height of- the 
atmosphere above the surface of the earth is not yet exactly 
ascertained ; but it is found at the top of the highest 
mountains, and it is evident from calculation (of its press- 
ure), that it must extend many miles above them. 

^ ^OiS. Elasticity of Air. Air ia a.a elastic fluid; be- 
ctnse it is ctmipTeBstble, and expands itself again, when left 
free, to its original v(4ume. 

This may he ahown by experimenta. In a hollow cylinder 
closed at one end, the ur may be compreBsed by a piston ; but 
ae soon aa the piston is left to itself, the air in the cylinder will 
paah it hack again. (See the ezperiment deaeribcd in § 11, 
page 18.) When a bladder is filled with air, i£*will be euacepd- 
ble of changing ila sbspe by the least pteaauie ; but it immedi- 
ately reestabli^s its snape, when ike pressure is removed. 

^ 2P9. Air is a heavy fluid, and, as such, obeys the laws 
tf gravity. , (^ 71 and 72, pagea Ui and 56.) 
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To show thb bj an experiment, take a tube, 
AB <Fig. 124), closed at the end A, and, -after 
having filled it with quicksilver, invert it, so that 
the under end may be unsupported- The quick- 
silver will not tun out, because the pressttre of 
the air, acting at B, inoppoailiou to, the quicksil- 
ver, supports it in fhe,tube. If an aperture be 
made in A, the quicksilver immediatdy descends ; 
the air whicb Is admitted by the new aperture 
ithen acts equally troiu above ; which ahows that 
when the tube was close at top, it was the exter- 
nal air which supported the quicksilver. 

The ancientS) to whom this property of air was un- 
JtuowD, explained this phenomenon by the horror 
which they supposed nature had against euipty spaee 
{koTTor vacm.)* 

% 210. When the closed tube, AB, is three or four fe«t 
long, then part of the quicksilver will indeed run from the 
aperture B, but the tube will always remain filled to the 
height of about 2S inches. Hence we infer, that the press- 
ure of the atmosphere upon a surface, is equai to the aeight 
of a quicksilver-column of "itS inches, having that surfacefor ' 
its basis. 

The space AC, between the quicksilver and the end of the 
tube, b a real vacuum, which, fiom its author, Torricelli, 'ia 
termed TorrictUi's Vaamm.^ 

^ 311. If, instead of quicksilver, the tube is filled witli 
water, then the pressure of the air will support a column of 
nearly 14 times the length of that of quicksilver ; which 
agrees perfectly with the hydrostatic law given in ^ 184, 
page 163. , 

Thus the h^ht of a column of water ia 14x38=39^1 
inches, or aboufsS feet. This eiperiment has actually been 
made by Mr. Sturm, in Germany, with a tube of that height 

* Eulei's Letten to a Qecmon FrinceM, tianslaled bv Hiintcr. 
London, 1803; Vol. I. 
t . Tcoricelli, ■ pupil of GtaUleo, firrt made this azpciunent in 1643. 
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^ 219. The sbofe- described property of the air^xplains 
the phenomenou of the sucking pump. 'I^his consiats 
chiefly of a hollow cylinder, and a piston 
or.sucker, B', fixed to U rod, which is 
moved up and down by the lever, F. The 
pistoD is made hollow, or is perforated in 
E, and provided with a valve opening up* 
wardsv A plug is Hxed in the lower part 
of the barrel, also perforated and prorided 
with a valve opening upwards. Whentbe 
piston descends, the air which ia contained 
between E and D opens the valve N, and 
escapes into the barrel above the piaton ; 
fhen, when the piston is raised again, tbe 
eitetnal atmosphere keeps the valve N 
shut, and tlie air in. the barrel, being ihuB 
exhausted, is no longer in equilibrium with 
the pressure of the outer air on the' sur- 
face of the water in the well. This is, 
therefore, -forced up, and through the valve 
O enters the barrel of the pump. "WiheQ the piston ia 
puahed down again into the water, which is now iii.'the 
barrel between E and D, the valve N will be opened by this 
water, which will now come to stand above the piston jand 
by the next motion upwards it must flow from the pipe, M. 

Anumber of other phenomehaart 

the pressure of the atmosphere. 

To these belong sucking, dnnhing, smoking, t) 
holes in casks, Stc, 

§ 313. From the elasticity and gravity of atmo^heric 
air, it follows, that its pressure near the surface of the earth 
must be greater than farther from it, and, in general, that its 
pressure decreases in proportion as we ascend. (See § 201, 
page 169.) 

This is proved, also, by the height of a column of quicksilver, 
which the pressure of air supports in a lube ; for the quicksilver 
in the Torrioeilittn tube standa lower at the top of a high mouD' 
tun than at its foot. It is atao evident that the. prewure of air, 
in a room which communicates with the atmosphere, must be tiie 
same as that of the open air; because tbe elaiiticity of the air in 
the room must be in equilibrium with that of the u 



e equally well eiplained by 
3 of bong- 
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^ 314. Expansion of Air by Heat. We know, from 
experience, that' air is expanded by heat, and contracted 
ugain by cold, ir, therefore, it be shut up in a vessel, so as 
to be unable to expand itself, it will prgsa against the srdes 
of the vessel more than before: if the vessel has an aper- 
ture, the heated air will pass through it, unlil the remaining 
part of it is in equilibrium with the denser air without. 

In this manner nearly all the air can be expelled from a vessel j 
but, as soon as the vessel ^ovs cold, the sir vill again rush into 
it ; or, if the aperture of the vessel be inunersed in water, the 
water will be forced up into the vacuum. 

.^ 215. Air which is expanded by heat, must rise above 
the denser, and consequently specific heavier air, which 
Gurraunda it. This is evident from hydrostatic principles. 
(* 187.) , . 

This explains the drafV in grates, and stoves, and astral lamps j 
the wind which generally accompanies conflagrations ; the rigingp 
of a balloon filled witli heated air, &c. 

^ 216. It has been stated (§ 198), that all elastic fluids, 
and, consequently, also, atmospheric air, may be compressed 
by forcing a greater bulk into the same space. This is 
done by the condensing machine. 

This consists principally of a cylinder made of metal, . 
Ffe. 186. ABCD (see the figure), provided at O with a valve 
opening inwards. The piston is also provided with a 
valve opening inwards. When the piston is moved 
down, the pressure of the air hetwcen E and G shuts 
the valve N, while the compressed air enters the valve 
O, in the cavity ABGH. When the piston recedes, 
the pressure of the air in the cavity ABGH shuts the 
valve O, so that there remains a vacuum between E . 
and G, to flit which the air without eiiters through N. 
As soon as the cavity EFGH is filled with air, the 
piston is moved down again, and a new portion of air, 
forced through the valve O ; and so may the conden- 
sation be carried on as long as the sides of the cylin- 
der are strong enough to resist the pressure of the 
coinpresaed air in tlie cavity ABGH ; and we shall 
olways find, that the density of Iht compressed air in- 
creates {n proportion lo the force of the compressing 

Upon the compressibility of air depends the theory of the air- 
gun — which it'will now be easy for ttic teacher to show or ex- 
[dain to his pupils. 



^W 
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^ 317. i^phon. Another remarkable and useful exper- 
iment, which maj be equally well explained from the press- 
ure of the atmosphere, is that of the siphon, 
Fig. 127. which is a bent lube,' having its two iegs ' 

eiUier of equal or unequal length. If it ia 
filled with water, and then inverted, with the 
two open ends downwards, and held level in 
this position, the water will remain suspended 
in it when the legs are equal ; but if these be 
unequal, or the siphon is inclined, so that the 
orifice of the one end is lower than that of the 
other, then the equilibrium will be destroyed, and the water 
will descend by the lower end, and rise in the higher. 
• For, in the fiist caee, if the legs are not over 33 or 34 feet 
high, the pressure of the atmosphere is a counterpoise tn that of 
the water in the lees. (^ 211, page 176.) In the second case, if 
sue of the legs be longer than the other, the air presses equally 
OB both crifices ; but, Uie weight of water ia the two legs being 
unequal, a motion must tabe place where the power ia greatest, 
and continue tiU the water has run out by Che lower end. 

If the shorter leg ia immersed in a boain of WB.ter, and the wa- 
ter be set a running from the longer leg, which may be done by 
suction, then the water in the basin is, oythe pressure of theiur, 
Iforced up into the siphon, and continues to run out of the longer 
leg, until the sarfuce in the basin is at a level with the orifice of 
the other leg. The whole basin may thua be drained, by making 
the leg B sufficiently long for the orifice to be below the bottom 
of the baalu. 

The theory of the siphon explains some of the most remarka- 
ble phenomena in nature. Among them we will mention the 

Fig. IS8. 
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conducting of water over steep hille ; the drjing of pump« afler 

a heavy rain; and, above all, the remarkable. phenomenon of the 
Ltfte of Cirhnitz, in Karinthia. Thia lake is sometimes entirely 
druned, and then filled anin. The canal in the province of 
Languedoc, in France, is founded'Upon.the theory of the siphon. 

Suppose the naterof anch a take w^reonly aa hig-h as the line - 
tA (Fig. 108) ; then it would, of course, remain in its basin : but 
when risen to the line cd, Che communicating tuhe, do, rn 



ting springs explained. 

^ 318. Saromeler. We know from experience, that the 
piesBure of the atmosphere is not always the same ; because 
tt does not always support a column of quicksilver of th* 
same height iu the Torricellian tube. (§ 209J Upon this is 
founded the theory of the barometer, which id 
Pie- 13V. an instrument for measuring the pressure and 
elasticity of air, at any time. It is made of a 
glass tube, nearly 3 feet long, and filled with 
mercury, like that of Torricelli ; but the lower 
end is bent upwards again, and ends- in a small 
open basin. (Seethe figure.) The column of 
.quicksilver supported in the tube is commonly 
from 28 to 31 inches, leaving an entire vacuum' 
in the upper end of the tube above 4he mercu- 
ry. The upper 3 inches (from 28 to 31) have 
a scale attached to them, for measuring the 
length of the column at all times, \ty observing 
of the scale the top of the quicksilver is op- 
ts It ascends and descends within these limits, 
o the state of the atmosphere. 
The weight of the colunm of quicksilver in the tube, which tB 
equal to the pressure of tiie atmosphere, may at all times be com- 
puted, being nearly at the rate of .^U^ of a pound avoirdupois 
weight, for every inch of quicksilver in the tube, on every square 
inch of base. Consequently, when the barometer stands at 30 
inches, which is nearly the medium of the standard height, the 
whole pressure of the atmosphere is equal to 143 Ihs. on every 
square inch of base ; and in the same proportion for other heights. 
From this the pressure of the atmosphere on the surface of bodies 
and animals may easily be calculated. The reason why we do 
not feel this pressure is because it is equal on all sides, and 
counterbalanced by the fluids in our bodies, with which it is in 
equilibrium- 
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^ 210. To illuatrBte the difisrent mtehtmital properties 
of air, — and indeed onlj' these can come within the limits of 
this treatise, — we make use of the air-pump, an inatruDaeiit 
invented by Otto von Quericke, in the 17tl) centurj.* It 
is similar in construction and operation to the water-pump, 
described in ^ 212, and consists principal!}' of a brass barrel, 
boted and polished, trulj cylindrical, to which is fitted a 
turned piston, furnished with a ralve, opening upwards. 
The end of the barrel communi' 
Wif. 130. cates, by means of a narrow tube, 

with the receiver, C. In B is 
another valve, opening upwards. 
By lifting up tbe piston, there is 
a vacuum between B and D, to 
fill which, tbe air &om the re- 
ceiver opens the valve B, and es- 
panda itself into the barrel, occu- 
pying more space than before, 
when it filled the receiver alone, 
and being consequently rarefied. 
The piston is now moved down, 
when the air in the barret close* 
tbe valve B, and escapes through the other valve, D; aa- . 
other stroke of the piston exhausts another portion of the al- 
iSady rarefied air in the receiver. And so may the rare&c- 
tion of the air in the receiver be carried on to neatly ^i^ 
of its original density. t 

It is endent that the vacuum crested, iu this manner, in the 
receiver, C, is not so perfect as that in the TtHTieelliau tube 
(j 209) ; for, let the air in C be ever so much rarefied, a small portion 
of it will slwtLjB remain. It is customarv to place a small barom- 
eter under the receiver, to measure tbe diminished pressure, and 
consequently tbe degree of rarefaction of the air in C, bj the 
falling of Uie quic^ilver. The plate on which the receiver 
•tanda ia provided with a turncock to let in tbe air ftom wiUt- 
out, when the experiment is finished. 



* He peifcirmud hii firvt experiment at Begendnuf , before Emperw 
Ferdinand III., in 1G54. 

f The farther daecription of tbui inxtmment, and the oontriTaseei 
nade to facilitate ite nae, does not belong to a tait-book. It ia better 
explained verbally tiy the inatrooter, when ezfaibiting tha «{ipaialaa. 
16 
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^ 9S0. .Wnk a good; nr-pamp tba following remarkable 
aperimeBla maj be made : — 

I. A oloaed Madder, only partly filled with air, expand 
iUelf in, the rarefied air of the receiver. 

5. A this glass bottle, shut alr-ti^t, and placed under 
the receiver, ib burst bj the elasticity of the air which is 
enclosed in ijt. 

3. A bladder but little filled with air, and attached to a 
piece oflead, which makes it sink in water, expands itself, 
and rises again to the surface. 

' 4. The aix escapes- from a vessel whose orifice is placed 
tinder water, and the liquid enters into it, when the air trom 
Irithout is let inio the receiver. 

6. Water ceases to run from' a siphoo- 

6. The felling of a feather and of a. piece of lead, or any 
«A«r substance, is equally accelerated by gravity. (^ 7^ 
page 63.) 

7. Cork-wood and lead, which are in equilibrium in a bal- 
ance, are no longer so in rarefied air. 

8. A ball from which the air has been pumped, weighs 
leas than one that is filled with it. 

Thereby the specific gravity of air has been ascertained, which 
ia ^out 0.008, tiding that of distilled water =: 1. 

9. The sound of a bell, or of a chord, becomes weaker in 
ruefied air, and finally ceases entirely. 

10. An animal sufibcatesiu very rarefied air; acandlsis 
vxtinguisbed ; fiint ceases to strike sparks Ironi steel, &,e. . 

II. Ether, and other subtile fluids, evaporate when the 
pvessure of the atmosphere is removed." 
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RECAPITULATION. 

Mechmieal Propeftiea of the Atmosphere. 

[^' 306.] By what ia our earth every where sarrouuded t 
What ezpuiin«nta aai fkcU connncsjoo of the ezuteuee of 

the atmosphere ? 

[^ 307.1 What IB the probable heiglit of our atmospheret 

What kind of fluid is the air vfaich c — " 



pherel Why is air an elastic fluid t 

[§ 208.] I3 air an elastic fluid T Whjt 

Uow can you jsove this by an experinient ? What eiped- 
DWnta and ^ta con you adduce toj>n>ve your asBertiou ? 

J J 209.] Does air, like the liquids spclceii of in thepre- 
ng chapter, obey the taws of gravity 7 What remarks- 
Ue experiment proves this t and bow do you explain thia 
experiment T 
Was this property of uT known to tha aocienti? 
How, then, did they explain the phenomenoa yon have juH it-. 
•eiibed? 

[% 310] What takes .place if, irHheiaatexperiment, the 
tnbe is 3 (W 4 feet long 1 What important law do vw deriot 
from it f 



[^ 211.] If, iastead of qaickMlver, the tnbe be fiUod 
with water, what b the 'height of the column suppNted in 
the tube by the pressure of the atmosphere t 

(Here the teacher might require the pupil to repeat the hy- 
drostatic law of § 1S4, pajge IKt, and show ita iittimato owmeotiw 
with the Uw stated in thia puagraph.) 

[^ 312,] What remarkable phenomenon does this pro|>- 
erty of air explain T What are the principal parla of ■ 
mcking-pump 1 Explain their operation. 

What other phenomena does the same property of atmos- 
pheric ur ez^am ? 
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[^ 313.1 What lav fidbns from the ela^city and gravi- 
tj of the aunospbere t 

How is this Isir proved ? Why is the pressure of air in a 
room which commnnicateB with the atmosphere, the s&me as that 
of the ur without? 

(The teacher may again refer to § 197, page 168, and require 
the repetidou of it from the pupil.) 

'[^ 214.] Hon does heat affect atmospheric ahl If a 
portion of air is shut up in a vessel, and then heated, is the 
Hessure on the sides'of the vessel diminiahed, or increased t 
What takes place, if, ia this state, the vessel is provided with 
-■u aperture t 

What takes [dace, if, after enpeHiog, in this manner, a poitioii 
of air trom a vessel, tbe vessel is suddenly cooled down again? 
What, if the aperture of the vessel ia immersed in water ? 

^^ 315.] Does air, vrhich is expanded b; heat, remain 
in Its place? What positioi!, then, does it assumeT Why! 
What phenomena can you expltuu by this principle P 
[^ 216.] By what means may all elastic fluids, conse- 

Juently, also, atmospheric air, be compressed 1 How is this 
onel 

What are the principdparta of a condensing machine ? Ex- 
plain their operations. tHuit remarkahlt Ttlation it (here bttattn 
Vit dcTwify q/'tAe comprttttd air, and On dtgrtt qf the compruting 

[§ 217.] What does a siphon consist of 1 If a siphon 
is filled with water, and then inverted, with the two open 
ends downwards, and held level in this position, what taJkes 
place, when the tegs are equal T What, when these are un- 
equal, or when the siphon, is inclined 1 

Gxplain each of these cases. How does the operation of the' 
aiphon affect Uie surftce of a liquid in a vessel, when the shorter. 



teg of a siphon u immersed b it, and the liquid ia set a running 

«.. _ .t_ .1. „ .i._-i II lust the siphon be situate^ 

bv it ? What remarkaUi 
|4ienomena does the theory of the sipnon explain? (Ezplaii 



from Ihe other (longer) leg? How must the siphon be situate^^ 



if the whole basin shall ba drained by it? What remarkaUe 

^enomena 

Pig. 128.) ■ 

^ 318.] Is the pressure of the atmosphere always tbe 
e at the same place? What experiments convince us 
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that it is not BO T What kind of instrumeDt is • barwoeter T 
What ia it made oft How is it oonstrucled t 

How can you compute the weight of the column of quickaiWer 
in the tube, which is equal to the preMuro of the atmoapbore ? 
What is the reaaon we do not feet the. pressure of the atmos- 
phere? 

[§ 319.] By what inBtrnment can the different mccAoii- 
tcol properties of air be illustrated T What are the princi- 
pal parts of bn ain-pnmp I Explain their operation. How 
far can the raiefactfOD of air in the reoeiver be oarrtad ? 

Is the Vacuum created in the receiver of an air-pump aa por- 
ibctsathatintheTorriceUiantnbeP Whjrnot? 

[^ 330.] What are the principal experiments which owl 
be made with an air-pump 1 

How eao jaa viplain them i 
16* 
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CHAPTER VII. . 

OF HEAT. 

^ 831. Is the vicinity of certain bodies, or in contact 
with them, we fed either heat or cold, and deaignate bj 
these wordr- seneationir wbich do not admit of any further 
description. 

It u costomat;, also, to call the bodies which produce these ~ 
•enaatJODS, txld or aarm ; hot it is certain, that .we cannot teU 
what body is absolutely cold or WBini,and that onr sensations l«U 
SB only what body/(«u so in comparison with another. ' 

^ 222. The principle by which all bodies are more or 
less capable of producing (he infinite degrees of eensatton 
of beat, or, in other wends, the primitiTe cause of all phe- 
nomena of heat and cold, is as yet perfectly unknown. 
Host niodern phtlosophera, however, are of opinion that they 
proceed from a certain imponderable, exceedingly subtile 
substance, termed caloric, which penetrates all bodies, and, 
on account of its elasticity, endeaTors incessantly to be every 
where in perfect equilibrium.* 

* Protenor Meinmer, of the Polylechnia Scboal of Vienna, has 
•nde&Tored to show, by & aeriea of brilliant eii>eriDient«, that caloric 
ia actnallT a ponderable aubituica. (Bee his ElemenU of ChenuBtiy [ 
Vienna, 1616.) ^u' tbeeipuuian of all bodies by heat, B.nd the con- 
sequent diminution of their absolute weight, by dieplacing a greater 
bulk of air, may not, perhaps, haTe been enfficieutly t^en notice of. 
MoBt French chemiBta, the moat celebrated philoBOphers in Gennanj, 
and, aboTe sJl, the greatest chemiBt now living, Berzeliua, in Sweden, 
are for the eiistence of catoric. The greatest opponents to thia ajs- 
tem are Count Rumford and Sir Hnmpbrej Davy. William Henry, 
of Manchester, has shown thai the arguments of the latter againat a 
aelf-e listing, beat-producing principle, are fallacious, or, at leaat, as 
far as they go, iiiauffioient. — For further information, see Gilbert's 
AnnsJa of Natural Philosophy, Vol. XII. page 546 ; Gehler'a Physi- 
oal Dictionary; article Heat: A. Loreni' Chemical and Physical 
InTealigalion of Fira ; Copenbagen, 1789. Also, Tobiaa Mayer's 
Natural Pbilosophy: Gilbert'a Annalen der Physick ; Gehler's Phy- 
aicaliachea Wflrteibuch : A. I^roni, Chemisoh-PhysieaJische Untei- 
suchungeu Obar daa Feuer; .Copenhagen and Leipzig, 178». 
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- ^ 323. There are four piioeipal means of producing 
heat :— 

1. By friction. 

Hence the heat produced by ibe boting, filia?, or hainmeriD^ , 
ofmetaU; b; wire- drawing, by turning, &c. These pbenome* 
n* take place, also, under the receiver of an air-pan^. 

2. 'By chemical o[>erations ; such as solutions, fermenta- 
tions, putrefactions. Ace. 

InstanceB of this kind arc, all solutions of metals in acids, iron 
■nd water, limestone and water, 8lc. Dung, flour, malt, and wet 
hay, eaase, under certain circunistances, spontaneous combustion. 
Finally, the 'heat produced in the animal and human body, by the 
process of respiration and digesUon. 

3. By exposing a body to the light of the. sun, which is the 
^incip&l source of all heat upon our earth. 

Hence the immense heat produced by the reflection of sun- 
beams from a concave mirror. 

4. By hringing colder bodies in contact with heated ones. 
Id this case, the beat of the one will communicate itself to 
the other, until it ie ip both in perfect equilibrium. 

{ 334. Heat txpands aB Bodies. All bodies are ex- 
panded by heat, and assume again their former bulk, when 
exposed to cold. 

This may be shown by nomeroos experiments. . A heated 
iron ball passes no longer tbrough a hole, through which it went 
when cold ; a bladder only partly filled with air, is expanded OTei 
a co^l Bre ; a boUow glass ball, which floats . upon cold water, 
sinks to. the bottom when the water is heated; &c. Wood 
$hriiUu when exposed to heat, through the evaporation of the 
fluids contained in its pores. The same takes place with clay in 
the mannJgictHring of bricks, &c. 

^ 225. Vnt^wd ExpoHsion of Heat. Heat does not ex- 
pand all bodies in the same degree ; air is expanded quicker 
than liquids, and liquids quicker than solid bodies. 

^ 336. The expansion of liquids or solid bodies is found, 
by experiment, not to be proportional to the d^ree of heat; 
that is, equal degrees of heat do not occasion in them equal 
degrees of expansion. Elastic fluids differ in this respect 

D:,":c.Jt,C.O0glc 
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Fig. 131. 



from liquids and solids, their expuiaion being proportioDftl 
to th« Bucccaaive degrees of be&t applied to them. 

The coheaive attractioD in solids and liquids being greater than 
ID air, the fiist portioiw of beat applied to them, find more resistance 
than the followiDe ones. Horeover, we bave to consider, that both 
liquids and solid bodies, when under the influence of certain de- 
erees of heat, begin to change tiieir aggregate forms. (§30, p. 28.) 
Thus, when water is very neariy heated to a ceitaiu degree, it 
becomes transformed into steam, and is therefore expanded mu(^ 
quicker than at inferior degrees. When once transfoimed into 
steam, its expansions are, like those of other elastic fluido, pro- 
portional to the degree of heat applied to it. 
^ 327. JTiermoiiuttr. The expanBioii of bodies b; he^, 
and their contraction by cold, affwd tbe 
meaas of ineasuring degrees of tomperator*. 
The instrument used for this piirposs a 
called a thermomeler. 

It is made of a hollow glass lube', vhieh, 
having a hollow ball at the bottom, is nflU> 
1; half filled with <juicksilver.* When this 
ia done, the whole is heated until thequick- 
silTer rises quite to the top. The top' is, 
then hermetically sealed ; that ia, so as 
perfectly to exclude all communication with 
the outward air. Then, in cooling, the 
quickailver contracts, and, consequentlyy its 
surface descends in the tube, until it comes 
to a paint which ccvresponds to the teiD> 
peratureof the air.' When the atmosphere 
bectHoea warmer, the quioksilTer expands, 
and rises in the tube, and contfacta and 
descends again when the atmosphere bo- 
comes cooler. By the side of the tube ia 
placed a scale, which is prepared thus : — 
The thermometer is brought into the tem- 
perature of freezing, by immersing the ball 
m water just freezing, or in ice juat thaw- 
ing, and the acate is marked where the 
quicksilver then standa, for the point of 

• ITiu Suid u now ginerallj used for tliermometors, it bring Twy 
KWBsptibU to th« diffarenl degremof heit; endurine graat haal b«- 
ftre il beeomcB tranrfonned into Tapor, and ifreat cola bofore it be- 
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fteezing. Then it ie immersed in boiling water, and the 
scale acain marked, where the surface of the quicksilver 
then stands. The distance between these two points is di- 
vided into 180 equal divisions, or degrees, and tlfe same 
degrees are continued to 33 degrees farther below, which 
point is then called zero ; and as much below zero, 'and 
above the boiling point, as is convenient j so that there are 
312 degrees from the boiling point down to zero. 

Fahrenheit found Uut the quicksilver Blirays descended to 
fnaroely, to the point vhich he caJted zero), by placing the hall 
m a mixture of equal partaof snowandssJammoniBc. From him 
the above diviaioo-of me scale ia called Fakrmheit's. Fifl;;-five 
degrees of this division mark the. mean temperature of this coun- 
try ; and it is in this temperature, and in an atmoaphcre which 
sustains a column of 30 inches of quicksilver in the barometer, 
that the speciGc gravities of bodies are'escertuned.* 

Besides the scale just described, there are others, which are 
' urticularlj used on the continent oftlurope. Among those are 
Reaumur's, dividing the space from the freezing point (vhich he 
colls zero) to the bailing point into 90 degrees; and De L'Isle's, 
on which the degrees are counted downwards, dividing the space 
ftom the boiling to the freezing point into 150 equal parts ; and 
Celsius's, or the centesimal scue, in which the distance between 
the boiling point and the freezing point is divided into 1(X) equal 
parts. It is exceedingly easy to deduce the degrees of one di- 
vision from those of the otntr. Thus, Hi degrees Fahrenheit 
making one degree of Reaumur's scale, we can change Fahren- 
heit's degrees into Reaumur's by subtracting 33- from their 
number, and dividing the remainder by 2i.' There are also ther- 
mometers in which ^r is the fluid through whose expansion the 
degrees of heat are ascertained ; but they require so many cor- 
rections and precantinns in practice, that they are almost entirely 

To indicate great degrees of heat, Wedgewood made use of 
pure clay, which contracts to about one fourth of its bulk, from 
the time it acquires a red heat until vittification. It is to be re- 
gretted, that the clay-cylinders, or parallelepiped s, which are 
used for this purpose, change, in course of time, which makes 
them incapable of indicating great degrees of beat. On this ac- 
count, Wedgewood himself does no longer manufacture tbemil 



* S«e Hnttcn'i Hatbam&licB, « dit^ by Robert Adrian'. Vol 11. 
pajee 284. 

f A full description of this injtrDment, and the degrees ofheat in- 
seated bv it, campared with Fahrenheit's scale, may be found in the 
Idbraiy of Uiefiil Kaowladige ; articla Heat, ptgt 19. 
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^ 33S. We know from experieDce, that the sarae quan* 
ikf of heat, imparted to two differeat sulwtaxices, produces 
in them unequal ilegrees of temperature, when measured 
with the thermometer. This we ascribe to the greater or 
less capacity which these substances have for absorbing heat, 
and call the capacity for heat greater in that body which 
regnires a greater quantity ofhtat than ajtother to product 
the same degree of temperature. Thug the capacity of 
water is greater than that of quickgilver, because, when ex- 
posed, during the same time, to the same degree of heat, 
quicksiWer exhibits a greater degree of temperature, by the 
thermometer, than water ; which shows that yaXet absorbs 
more heat. 

^ 229. Maimer of ascertaining the Capaci^ for Heat. 
There arc Tarions ways to ascertain the edacities of bodies 
for he.1t. One is, to bring equal portions of different sub- 
Btancea in contact with each other. It is then found thai the 
mixture neter exhibita the mean temperature between them. 
A pound of water, for issttince, heated to 156 degrees, and 
mixed with a pound of quicksilver, at 40 degrees, produces 
a common temperature of 152, instead of 9S, the exact 
mean. 

. lu this experiment, the water lost 4 degrees, and the quicksit' 
ver gained 1 12 ; which proves that the quantity of heat which is 
required to raise one pouad of quicksilver iTom40to 133 degrees, 
ia equal to that which is required to raise one poiud of water 
from I.'>2 to 156, Thus the capacity of water for heat Ja to that 
of quicksilver as 113 to 4, or, which is the same, as SS to 1. 

<^ 230. In a similar manner to that we have just de- 
Bcnbed, have some philosophers (particalarly Crawford, 
Wilcke, Kirwan, and Gadolin) determined the capacities 
for heat of many different substances, and compared them 
with that of water. These, comparative capacities for heat 
the; then called specific capacities, or specific caloric. ■ 
(See Table II. A the eod of the book.) 

'^ 331. Different QuatHtties of Caloric in Bodies of equal 
Temperatures. From what we have said, it is easily per- 
ceived, that, if ^ere b« such a self-existing substance as car 
loric, it doef not exist in equaj quantities and densities ia 
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kll bodies, although they ma; show the same degree of 
temperature by the thefmamet^. 

§ 233. Ever; change in the relative position of the par- 
ticlea aad. istetaticcs of bodies, Ganges ala» their capacitiea 
for heat. This is particularly the case when aoliil bodiM 
become changed into liquids, or liquids into elastic 8ui^i 
They thea absorb great quaatities o£ heat, without showing 
ftny iacreasB of temperatuiie by the thermoiDeter. Heat ii 
Ibea said to ha tttgaged or fafeul in these hodiea. And it 
also fFetjuMilly baf^na, that bodies become changed feom 
the fluid state into the liquid, or from the latter into the solid 
stale ; in which caaes their temperature is increased, witbost 
any new addition of heal. Heat ia then said to become dts- 
engaged or free. • 

Hence die cold felt when air or vapors expand themselves 
ra)H^ (benaoBe in this state they absorb calonc) ; tlie quantity 
ef beat which mast enter into metnls before they melt ; the quan- 
tiljf of h«at requisite to change water into steam, &.e. 

^ 233. When two or more substances are mixed to- 
gMher, theit chemical affinities freqaently change the mean 
sum of their capaaity for best. In this case, the mixtor^ 
■:boorbs more beat, (caloric), and causes the sensation, of 
cold. These phenomena are more fiilly treated of ia 
Chemistry. 

This takes ]dae«, for instance, when s^ts are diwolvel in wa- 
tsr ; wheat snow ia mixed wMi muriate of aoda, or waler wiA 
diluted qijrit of wine, ocn^XBlie of ammonia; when snoo is malt- 
ed in water, or mixed with munnte of lime, Aic. 

^ 234. Inptence of Light on Heat. It is not improba- 
tdo, that light, by striking udcmi bodiea,. change) their capa- 
city fix haat, and ihereby disengages caloric. This seema 
to ba corroborated by the eircumstance, that tboae bodies 
through which light poises easiest, or which reflect light 
most, are least heated bj) it ;, wheaeaa, d^k and opaque- 
bodies become eooHei warm. 

Whits, bodiea, ^aasj watarj Ac, are not eaeSy heated by smt- 
light. A thern)ometer held in the snn rises higher when the boll 
is made black. Strips of cloth of differeat colors, placed upon 
SBDw, sink the de^er the darker the ci^or is.* Dark cloths are 
wamar than white ones, &c. 
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^ 335. Velocity of Heat. — Heal does not pass through 
aB bodies teith the same degree of velocity. When thin cy^ 
inderBof eilrer, glass, or wood, are held with one end in 
the flame of a candle, the silver will soon be too hot to hold ; 
while the glass will be much longer in being heated, and the 
wood will burn at one end before the least sensation of 
beat is felt at the other. Those substances which become 
hot soonest at the farthest end from the dame, are said to 
be the best conductors of heal. 

§ 336. The densest bodies, consequently metals, are the 
best conductors of heat. Earthy substances are in this re- 
q>ect inferior to nietals; wood is still more so ; and atmoe- 
pberic air, when not in motion, is accounted to be the worst 
conductor of heat. Among solid substances, the corerings 
(skins) of animals have the least conducting power. ' 

The worst conductora among these are hare's fbr and eider 
down ; and this property is probably owinr to the bulk of air 
which is cuntaJned tjaoag their particles. For the same reason 
are the warmest articles of clothing those which have the longest 
nap, ilir, or down ; and the imperfect conducting power of snow 
arises probably from the same cause. It is stated, that, in Si- 
beria, while the temperature of the air has been 70 degrees 
'-'""■ ■ — ' ' ' ) of Fahi 



' the freezing point (38 degreas below zero of Fahr.^ 

~'~ scale), the surface of the earth, protected by a coveriiis 

, has rarely been 33 degrees (zero of Fahrenheit^ 



§ 237. Use of Imperfect Conductors of Heat. The im- 
perfect power of conducting heat, in some substances, is' 
taken advantage of for the purpose of confining heat. Fur- 
naces are Burrounded by. coata of clay, trees by straw.; 
double windowa are used in winter, throughout Germany 
and the north of Europe, in order to prevent the escape of 
heat from the rooms, by a column of air enclosed between 
the windowa, i£b. 

t338. The same substances which prevent the esc^M 
eat, are equally effectual in preventing its admissioa. 

* Sea library of UiviiilKiiawledg*; attiok Heat, paga 23. 
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Hence the' air under t thatched roof, fthhough trarmer in 
winter, is cooler in iamnier, than the air nader a roof of tile 
or slate. Straw, which keeps a fig-tree from freezing in the 
winter, keeps the heat from an ice-house in. summer, &,c. 

•^ 339. Diferatt Satsatiimi of Heat prodaeed by differ- 
tut Bodies of the same Temperatitre. The different sensa- 
. tions we have on touching different snbstanceB, although of 
the same temperature by the thermometer, must be ascribed 
to their different powers of conducting heat. The best con- 
ductors mast feel coldest to the touch, because they absorb 
Ifae heat from the hand quicker than imperfect conductor! 
of heat. It is for this reason that iron feels colder than glass, 
and the latter colder than wootT although they be all in th« 
same room, and of the same depee of temperature. 

^ 240. JVm or Sensible Caioric. It is yet to be ob- 
Berved, that solid subetancea conduct heat in all directioM 
--upwards, downwards, and sideways — with nearly the 
same facility. On this account, the beat which they con- 
duct is called /ree or sensibk caloiic. 

'^ 341. Bat it has been found by experimenta, that 
heated bodies, when exposed to the air, lose part of their 
fceat, also, by radiatioH; that is, by pari of their heat flying 
off, in right lines, from every point in their surface. 

The principal experiment on this subject is made with twocon- 
eave reflectors of tin plate, placed at a distance of several feet, 
exactly opposite each other. Then, by placing a heated iron 
ball, wliich shall not be red, in tbe focus of the one, and the ball 
of a mercurial thermometer in the focus of the other, the mercu- 
ry in the thermometer will instactlj rise, even if a transparent 
(pass plate be placed between it and either of tbe reflectors. 
Any other hot substance, used instead of iron, produces the same 
effect. 

J, 343. Some natural philosophers are of opinion, that 
lant heat moves with a velocity eqaal to that of light ; 
bat this seems to be more than doubtful. All we know 
about it from eiperiments is, that radiant' heat moves with 
■uch a velocity as to require no perceptible itUerral of time 
to traverse the space of 69 feet.* 
Whetiier the phenomena of radiant heat are really produced 

* 8*e Fietat'i GEpniOMBti db Iln. 
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by projectioiiB of calorie, emanatiDK tram ever; point in the snr- 
nce oTB hosted body, or whether thef ore occasioned by expan- 
sions and contractions of heated puticles of atmosphere, like tbe 
raya of sound (§ 137, page. 113), is not yet decided among jJli- 
loBopheiB. Profesaor Leslie, of Edinburgh, is of tbe latter opin- 
ion, and has made a Beries of brilliant ajid intereBtioe experi- 
ments, eminently calculated to corroborate hia hypothesis. 

^ 243. Fusion of Solids. When solid bodies are for 
some time exposed to great degrees of heat, their cohesive 
powers are overcome; thej lose their texture, and conse- 
quently become liquid. This is called the melting or fusion 
of Eolida. Whea still greater degrees of beat are applied, 
then solid and liquid substances become transformed into 
Bteam, or vapors, which pr<^ess is called the evaporation of 

^ 244. Evaporation. The degree of heat, at which 
■olid bodies melt, or liquids evaporate, varies in different 
subatancea, and seems to depend, in some measure, on the 
cohesive power of their particles. Some substances appear 
to us liquid or as elastic fluids, at the lowest stages of tempe- 
rature ; asd there are others which require great degrees of 
heat to be exhibited in (his (brm. Most solid bodies hare 
been converted into liquids, and the greater part of these 
into vapors, by the intense heat produced by galvanic elec- 
tricity. 

^ 24S. Boiling of Liquids. Liquids may become trans- 
formed into steam so quickly as to be thrown into an undu- 
lating motion, which is called the ebullition or boiling of 
liquids. The portion of air which is generally contained 
in them, is, by this process, expelled ; wherefore the boiling 
of liquids is a means of purifying them. 

§ 346. Some bodies boil at very low degrees of heat (for 
instance, ether and spirits of wine), particularly when tit 
pressure of the atmosphere is removed. (See Taole III. at 
the end of the book.) In general, we may lay down this 
principle, thtU the pressure of the atmosphere, and pressure 
m general, is an obstacle to the boiling of liquids. 

This is the reason why liquids boil sooner upon the top of hi^ 
mountuns, and under the receiver i^ an air-pump, than under 
the pressure of tbe whole atmosphere.' Without th^ pressure of 
die atmosphere, it is probable that many flnids would not btt 
known otherwise than in tbe elastic etate. 
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^ 247. Wh«a a liquid boik, it ceaaes to asaume a higher 
degree of heat. AH the heat which is further added, la em- 
ployed io the formation of aleain. But when the vessel is 
closed, in such a manner that the steam is prevented from 
passing oS', then the liquid can aasume a degree of heat tar 
nrpassing the boiling point. Steam, which is thus ahut up 
in a vesael, is capable of exercising an immeoBe pressure, 
aod ia now tlniversalty employed in machinery. 
' Here the teacher mig-ht give a description of the ateam-engine, 
and its application. (An excellent and cheap model of it has late- 
ly been prepared by Mr. Claxton, a skUful mechanic of Boston.) 

§ 248. Decomposition of Stecan. , When the degree of 
temperature ia reduced by mechanical preasure, steam loses 
iiB elasticity, and returns to its liquid state. This process 
is called the cottdeasaiion of sham. 
' ^ 249. Absorption of Meat 6y Sleam. No formatiob 
of steam or vapor can take place without absorption of heal. 
(^ S44, page 194.) Hence the surrounding bodies most 
lose apportion of their heat, and become cooler. This serves 
to explain a number of phenomena ; the cooling of rooms in 
sommer, by Bprinltling tbem with water; the sensation of 
cold, experienced by wetting the hand with spirits of wine 
or ether, and suffering these substancA to evaporate upon 
it; the retreshmg coolness felt in Bummer after a batb, di>e. 

§ 250. Fog — JUist. When steam, either by a dimino- 
tkHi of heat, or by pressure,* begins to be condensed, it 
fonns' a great number of exceedingly little drops, whose 
speciRc gravity is not sufficiently great to overcome the r»-' 
aiatance of air, and which remain, therefore, auspended in 
the atmoaphere. In this state they are visible, and form 
what ia commonly called a fog, or mist. Such a mist or fog 
ia always formed, when the steam from a boiling liquid 
escapes into a cooler atmosphere. 

§ 251. Evaporation — ExhtdfOion, Atmospheric air 
changes continually, and at all degrees of temperature, a 
certain portion of water into steam. This process, which is 
carried on much slower than the formation of steam by in- 
tense heat, receives the name of enaporation, or exhalation. 
Our atmosphere is,' in this manner, constantly filled witii 
an immense qnantity of steam and vapor, which, as long 
as it is perfectly elaatio-, is dry and pellucid ; bnt wbeir 
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, by being coal^ 
down, or. condensed, it appears as fog, mist, or clouds, 
and finally descends as rain or snow. 

§ 352. Rain and Shtoa, Steam and vapors which an 
not perfedlj ^iMolred in the atmosphere, frequently adj»«r« 
to other substances, and thereby damp and wet tlwm. In 
this state, they a^e oAen sucked in by the adbeaive attraction 
of these bodies, which, by the degree of their subsequent ex- 
pansion, indicate the dampness of the atmosphere. 

UpoB this principle is founded the theory of the hygrometerr 
which is an iDstruinent for measuring' the. dampness of the at- 
mosphere. The hygrometrical substance is either a human hair 
fSaussure's], or cat-gut (Lambert's), or whale-bone (De Luc's). 
The; are all loo imperfect and variable to give any results to 
be relied upon, and deserve, thorefore, aa yet, no place in a text- 
book. 

^ 263. Gmgelatwi — FreeKtng. When liquids are ejf 
poMd lo certain degrees vf cold (which' is either done by 
bringing them in cantact with colder bodies, or by exposing 
Uiem lo the inducnce of a colder atmoaphere), they Miigeal 
titd beeome solid. This ii called the congtiation or frte^ 
ing of liquids. AU liquids, with the exception of alcohol, 
)t$w» bcwt reducAd tb the aolid state ; but very different d*> 
glass of cold are required for this purpose, in di&reMsub* 
stances. (See Table IV., at the end of the book.) 

^ 354. When the proces of congelation is going on 
alewlyi so that the particles of the liquids have time to fU- 
bw their mntnal cohesive attraction, they assume regular - 
geopetrical forms, and the solida thence cJjiained are termed 
oryatalB. (See $ 60, page 43.) 

^ 355. When water is changed into ice, 
regular texture, and becomes porous. On this i 
volume is greater than that of the water fVom which it is 
o^ained, the ratio being nearly as 9 to 8. 

This explains why glass and other vessels bnrst when water 
fieenfl in them ; why trees and rocka bunt in severe winters, 
4tc. But BO long as water remains liquid, it contracts by eold, 
■nd reaches its greateat density a few degrees above the freezing 

p«iiil- 

^ 3S6. ■ It remains to be obeerved, that beat is a powsa>< 
fill citmiail agemt. All cbemicd combinationa, namely, 
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uke ]dace sooner, when the bodies are brought to a c«ruin 
degree of tempeiatuie ; and there ie hardly any chemical 
process which is not more or less accompanied with an ab- 
sorption or disengagement of heat. These phenomena, 
however, form no part of Naturd Philoaoph; , and are toon 
properly treated of ia Chemistry. 



RECAPITULATION. 
Of Heat. 

[^ 321.] ' What do the wotds iedtf and coif designate t 
. What do you call Bodiea which produce in us thq sensation at 
heat or cold ? la it poaaible for us to tell what body is il 
1; cold or wann ? What, thm, do our senaations of cold and w 
teUua? 

[^ 222.] Do we know the principle or cause by which 
all bodies are more or leas capable of producing degrees of 
beat t What ia the opinion of modern philosophers on thia 
Bubjecll 



Mtaiu of Pr^thtdng Htat. 

[§ 323.1 What are the four principal means of prodnr 
cing heat f 

Give inatanoes of heat produced byfticdon; of heat produced 
by chemical operationa; and of great heat produced by the light 
of the sun. 



What experimenlJ can you mention to prove this unlveiaal 
law? 

[^ ii^M Does heat expand all bodies in the same de- 
gree t Wnich is expanded quickest, air, liquids, or solid 
substances 1- 

[^ 226.1 Is the eiqiahsion of liquids and solids proptw- 
lioml to the degrees of ^eat.T or, in other words, do equd 
17» 
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degrees of heat produce equal degrees of expannon, in 
liquid and solid sabstaiices 1 How do elaibe fluicia di&r, 
in this respect, from liquids and solida 1 



Mow can you account for these uneqaa) derreea of ezpaurian 
by best? What influrace has the ag^gate form of liquida aod 
solids on their exponaia^ by beat ? Do the degrees of ei 



lequal,' after the body is transformed into vapor P 
{§ 227.] What means have we t* measure degrees of 
temperature f What is the instrumeut used for this purpose 
called I How is a thennometer coaatructed 1 

Hov many de^eea of Fahrenheit's scale mark the niean tem- 
perature of this countn ? Is Fahrenheit's scale the oul; one 
DOW in use ? What other scales are there ? How many degrees 
of Fahrenheit are equi] to 1 degree of Reaumur? bquidwlver 
the only fluid naedfor tbeeonsimetioaof thenoometers? What 
aMans did Wedgevood »mpioj to matfure great degrees of 



Diferaa Ct^atitiet for Heat. 

[^ 228,] Does the same quantity of heat, imparted to 
two different subetafices, produce in them the same degrea 
of heat, when measured with the thermometer! To wliat 
do we asonkie this difference 1 When do you call the capo- 
Hty of a body for htat grtater than that of another body t 
Qire instances of diflbrNit c^pacitieB for heaL 

[^ 209.} What means ha*e we to ascertaiu the different 
capacities of bodies for heat ? Oive an example. 

What ratio does the capccity of water for heat bear to that of 
qoieksilTer ? 

[$ 230.] To what did Wilcke, Crawford, Kirwin, Oado- 
lin, and others, compare the capacities <^ difierent sub- 
stances for heat 7 What did they call these Capacities T 

(Here the teacher may explain or require the explanation of 
Table II.] 

[% 331.] If there be such a self-existing principle as ca- 
ktrio, does it exist in equal quantities and densities in all 
bodies? 

[^ 983.] What does every change in the relative po«- 
tiQn<rf the partidM and tnten" > • ■ 



tnterMice« of a body neceassrilf 
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Kiuc«^ WhoD M this particolarljr the easel When ■ 
J abaorba great quantities of heat without showing any 
diSereaoe of Lemperature 6a a thermometer, what ia the 
heat which enters the bodf said to be T What is heat sai4 
ta be, when a body indicatea a higher degree of temperatura, 
without receiv lag any additional quantity of heatT 

What phenomena does tbia principle explain ? 

[^ 233.] When two or more substanwa are mixed to- 
gether, is the resulting capacity of the mixture always equal -. 
to the mean sum of their capacities ? * 

Give Instances where this does actually take [llace. 

[^ 234.] Is it probabje that light, by striking upon bod- 
iM, chtngea tbeir capacity for heat 1 Wlut ciroumstoiieeA 
•ewn to- corroborate this supposition t 

Give instances of this Und. 



Pivpagatioa tf Heat. 

[^ 23fii] Dots htat ptas through all bodies toith tht 
tanu degree of velocity ? Can you tell me of an experiment 
which proveethat beat does not pass through all bodies with 
the same velocity ? What are those substancea caOed, which 
Booneat become hot when exposed to heatt 

[% 236.1 What bodies are the best conductors of heUl 
What bodies (among solids) have the least conducting 
power I _. 

Which are the worst conductora among the eorarings of ani- 
mals ? Wlist ia tbia property probably owing to ? W-^ is snow 
a bad conductor of heat? What remarkable phenomenon does 
this expluD ? 

[^ 337.] How is the imperfect conducting power of 
some substances taken adfaittage oH Wby aie furnaces 
surrounded by clay, trees by straw. &c. ? What is the use 
of double windows in winter 1 



the mean nun of their oapacitiei woiild be — ^^~ ^ 4. Now, if thi 
malting carneit; ii more tluu 4, the mixture will absoA beat, oonae' 

VNDtl/ proance o<dd. 
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[^ 336.] Whit bodies prevent moBt efieotuillj the «d- 
miasioB of betft What is the reason (hat the air, which, 
uad^ « (hatched roof, is wanner in winter, is yet cocder in 
sammeri than the air under a roof of tile or ^ate f Why 
does straw keep the heat from an ice-houBe in suminer, 
when the same substance prevents a fig-tree from freezing 
in winter 1 

(The answer to the two last queetions ia the same, viz. < Be-' 
cause the same Bubstances wh[ch prevent the escape of heat, are 
equally eSectoal in preventing' its admiBBion.*) 

[§ 239.] How can you account for the different aenaa:- 
tiona of heat which we have, when touching different aub- 
stancesT How must the best conductors feelto the touch? 
Why T Why does iron feel colder than glass, and the latter 
colder than wood, although all be in the .same room, and of 
the same degree of temperature T - 

[^ ^t^ijt In what direction do solid substances 'conduct 
beat T What is this heat (conducted by. solids) called T 

[^ Zil.] In what manner does a heated bo4j' lose its 
beat, when exposed to the air ? What do you understand 
by radiation of heat T 

What renurinble experiment can be made on this subject? 

[^ 242.] Some natural philosophers are of opinion that 
radiant heat moves with a velocity equal to that of light : ia 
this at all probable 1 What do we know about it with cer- 
tainty 1 

Is there no other way to account for the phenomena of radiant 
heat, than bj suppoeinf them to be produced by actual Dngedioiu . 
^caiorUt What is Prefeaaor Leslie's opinion on thb subject? 

[^ 243.] What changes do solid bodies sometimes un- 

' dergo, when exposed to great degrees of heatt What do 

you understand by the vuUijig or fusing of solids "i What 

takes place when still greater degrees of heat are applied to 

these bodies? In what consists the processof eDoporatton.' 

[^ 244.] Is ^e degree of heat at which solid bodies 
melt, the same in all substances ? On what does it seem 
to depend ? What effect does heat produce on moal solid 
bodies and liquids we know of? 

[^ 245.] What do you call that process by which a )>- 
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quid is so quickly truiBrornied into Meam, as to be tlirowB 
' into an undnlating motion T Wh; ia the boiling of liquid 
« meaDs of purifjipg them 1 

[^ 246.1 Does the pressure of the atmosphere facilitate, 
or is it a'bindrance to the boiling of liquids 1 What general 
Itae is there with regard, to this pressure 1 

What i^enomena can jou explain from this principle ? What 
would be the «t«l« of many liquids, without the pressure of the 
atmosphere ? 

[^ 247.J Can a bailing liquid be made to adsume higfa> 
er degrees t)f heat ? What becomes of the heat which is 
further added T Does the same rule apply when the Tesae] 
IB closed in such a manner that the steam is prevented fnim 
passing off? What is the ateanj which is thus shut up ca- 
paUe of exercising 1 * 

[^ 248.] What becomes of steam when its temperature 
is reduced, or when some mechanical pressure is applied tp 
h 1 What do you call this process ^ 

[^ 249.] Can the formation of vaporor steam ta)Ee place 
without absorption of heat? How, then, does this process 
affect the surrounding bodies? What phenomena does tbia 
explain V 

[^ 250.] What does steam, which, by a reduction of 
temperature, or by mechanical pressure, begins to be de- 
composed, form in the flurrounding atmosphere ? What 
name do these visible drops which remain thus suspended in 
the atmosphere, receive? When is such a log or mist 
formed ? 

[4 251.] What effect does atmospheric air continually, 
produce on a certain portion of water T What do you call 
this process? What is the difference between it and the 
formation of steam ? * Do we feel or perceive the immense 
quantity of steam and vapor with which our atmosphere is 
continually charged, as long as both are perfectly elastic ? 
What beccnnes of them when they are eoq)ed down, or Qon- 
densed? 

[§ 252.] In what manner do steam and vapor, which 

? It is carried on much alowBr than tha foRBatioD of ■te«n. 
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ue Dot perfect]; diasolTed in the atmoBphere, affect other 
snbstanees 1 When, in this state, the; are sucked in, or ab- 
sorbed, what do these substances, by the degree of their 

\, indicate 1 



What instrupient is constructed upon this principle? What is 
the hf glome tiic&l substance in Saussure'e hygrometer? What 
is it in Lambert's ? What, in De Luc'a ? 

[§ 358.] How are hquids affected when exposed to cer- 
tain degrees of cold 1 What is this process called T What 
llqaids have by ihis means been reduced to the solid state T 
Is tbe same degree of cold required for the congelation of 
all liquids ? 

(Here the teacher ouffht to explain, or require the explanadon 
of Table IV., at the end of tbe book.) 

• [§ 254.] What takes place, iftheprocess of congelation 
■B going on slowly, so that the particles of the liquids liaYe 
time to follow their mutual cohesire attraction 1 What are 
the solids, which are obtained in this manner, called T 

[^ 255.] When water is changed into ice, what does it 
always receive? Does its volume -become greater or small- 
er by freezing 1 In what ratio does it increase 1 

What phenomena does this cTplain ? How is water aSccted 
by cold, as long as it remains liquid? When does it reach its 
greatest density ? 

[5 256.] What effect does heat produce on chemical 
combinations? What is every chemical combination more 
or less accompanied with T ' 
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§ 257. Nature of Light. Light is one of the moat pow- 
ernil agents in the whole raaterial world. Its natare has not 
jret been ascertained. Two very opposite opinions, hovrev- 
er, hare been maintained by philosopheTS, with regard to its 
origiti and its propagation. Some suppose it to consist <M 
material particles , emanating jrom the lanuRints body, with 
immetue velocity, axd in all directions (Sir Isaac Newton's 
hypothesis) ; while there are others (Huygens, Buler, Young, 
iia.) who believe it to be afiuid diffused through aH nature, 
a»d in vihich vihrationt and undulatioHS are produced by the 
action of the luminous body, which are then propagated 
through the air, in a manner similar to sound. 

We shall adhere neither to the one nor the other hypothesis, 
but t*eat only of the lavs of light, which aie perfectly demoU' 
strable by malhematictl science. 

JSS8. Seeing. The operation of light, or of luminous 
ies upon the eye, is accompanied bj a sensation which is 
called tlve seeing of bodies ; and through it we become con- 
scious of the situation, figure, magnitude, and motion of the 
luminous body. 

^259. Luminous and Illumined Bodies. With respect 
to li^ht, all bodies are either of themselires Ivminous, or they 
are illumined (receive light from others), so that we can see 

AmoD^ the luminous bodies we count the sun, the fixed ■tars, 
phosphorus, some fishes, and insects, the flame of candles, 
lamps, &c. Light may also he produced by pressure, Miction, 
putreftction, and other chemical processes.- Sometimes a lumi- 
n^ps body is not seen when near another of a more intense lif hL 

^ 260. Reflected Light. When the light which dark 
boaiea receive - from luqiiiioas bodies, is refiected by them 
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into our eyes, then the; become risible, and' we sa; that we 
tee tbem. The light thus received is termed refiteted tight. 
^ 361. Transparency — Opacity. Some bodies, instead 
of reflecting light, suffer a great quantity of it to pass through 
tliem. These are called trangparait, ot peHucid; whUe 
those which do not possess this property are termed opagiu 

Moat liquids and ctjstala are txanapareiiL Polished Aetala, 
being the best reflectors, sutler do lie-ht to pass through them, 
except when hammered out into yerj thin ]ilateB. 

^ 362. Light-magJiets- A third kind of bodies, wbi<^ 
of themselves possess no light, have the faculty of becomwg 
luminous, when exposed to sunshine, or to the intense light of 
% flame or candle, and continue allerwarda to tlirow out ligbt 
in the dark, for a considerable length of time. These an 
ti; some called light-magnets, or absorbers of tight. 

luataooea of this kiud are the diamond, phosphor of Cantoni 
&«. Snow and ice probably belong to the aame claw of bodi^ 

« 363. Biaci and WhUe Bodirs. All the light whieh 
blls upon dark bodies is not reflected by them. A portion 
of it is absorbed, or at least not reflected into our eyes. 
Those which alMorb light most are called iUtek} those 
which reflect it most are termed tohite bodies. 

§ 264. Propagation of Light. — Ligitt is propagated in 
ttrOlght tines, with a prodigious velocity of about 195,000 
miles in a second. 

The lirst of lliese asaertionH (that light moves in straight lines) 
is proved b^ the fact that bodies cannot be seen through bent 
tubes, and it may alao be inferred irom the ahadoir which dark 
bodies cast For the discovery of the velocity of light, we are 
indebted to Rdmer and Bradley, who have proved, fVom obaerving 
ttie eclipses of Jupiter's satellites, that light needs but 7 minutes 
to travel from the sun to the earth. From this immense velocity 
of light, it is plain that the velocity with which 'it traverses (he 
gieatest poeaible terrestrial distance, can neither be measured 
nor observed widi the nicest time-keepers ; aa it would need 
hot one twenty-fourth part of a second to travel from cme point 
of the earth to the other. 

§ 265. Density of Light. If light ispropagated in rlys 
'OT Bttaifi^t lines, its density decreases in proportion to the 
■qnarea of the distances from the laminoos body. 
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This law is established on the aame pnnciple on which we 
Mtabliahed b nmilar law for the propi#ation of sound (§ 137, page 
113), and applies equslly well to sJl propagation of motion or 
mattCT in form of ra;B. 

§ 266. Jtefractioit of Light. When a beam of light 
passes through a traasparent bodj, it is first bent or broken 
Irom its direction, on its. passage through that body, and 
then beitt again on emerging Irom it. This is called the 
refr^tim of light ; and its degree varies in different sub- 
stances. 

This may be illustrated by 
rig. 133. an experiment. LetPQ,(Fig. 

133] be a Vessel, in one of 
whose sides is a smeJl hole, O. 
Place a lighted candle at a 
distance of two or three feet 
from it, BO thai its flame is in 
A. A ray of light, proceeding 
from it, will pass Lhrough the 
- hole, O, in a straight tine, AB, 
md strike the bottom of thu Teasel at B,'where it will form a smalli 
circle of light But ^hen the vessel is filled with water, up to 
GF, this circle of light, instead of being in 3, will fall upouC, the 
beam of light being bent in the point D, where it strikes the 
water. Tluse plieuomena wc shall notice more particularly 
hereafter. 

§ MT. Infitetion of Light. We know, also, from ex- 
perience, that lifht is changed from its direction, when 
passing near the surface,' edges, or corners of bodies, in 
which case it is said to be infiecttd. 

This phenomenon, in the opinion of some philosopbera, speaks 
for the materiality of light; inasmuch as they seek the cause of 
it in the chemical affinity which the substance of light ha? for 
theae bodies, by the attraction of which it seenu to be he«t from 
its original direction. 

^ 268. Shade. When light falls upon an opaque body, 
the latter fasts a shade behind it, whose magnitude, shape, 
and position depend upon the magnitude and shape of the 
(^Mique body, upon its distance from the luminous body, and 
the direction of the light which strikes upon it. . Its Airther 
theory belongs to Mathematics and the fine arts. 

.Let us now consider separately the three principal phe- 
nomena in the propagation of light — rejhction, refrtutiim, 
and the formation of colors. 
18 
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^ 969. When a ray of HgAt falls upon a polished sur- 
face, either plane or curved, it foUoas the iauit of elastic 
ioditi (^ 114, page 105), aad is comegutiUly refieded m 
atch a way, that the angle of incidence is eyutd to the angle 
of rejlection. ^ 

This may be shown bv an experiment (reflectuig the tight of 
tbe HID, or of a candle, from a looking-glesB). 

S 370. Mirr^s, Bodies which are commonly used to 
reflect light are called mirrors. They are made either of 
metal or glasi, having their surface highly polished. Mir- 
rors are either plane, contave, or convex, according aa their 
■urfacea are plane or spherieid (the curvature turned inward 
at ouheard). 

Glaai mirron must be qoicksilvered on one side, in order to 
reflect more light Het^c mtirora are tbe beat reflectors ; 
Ibose of platinum admit of the highest polish. 



Fig. 133. 



A.'^-MtefUctiim of Light from Plane Mirrors. 

^ 271. IiOie. — A bttmnous point before the wUrror 
ofpews to the eye at if preeeedijig from a point siluaied 
exactly as far behind the mirror as the luminous point it 
before it. 

Let A (see the figure) he a lumi- 
nous point ; AB a ray of light striking 
the plane mirror, MN ; BC the same 
beam AB, reflected from the mirror, 
MN ; then, bv extending the leflected 
ray BC in tie direction Ba, it will 
cDt the perpendicular Aa in such 4 
manner, that the diatance oS is equifl 
to AS. In the same manner will 
every other ray, emanating from th« 
same luminoua point, A, be reflected 
aa if coining from the point a behind 
the mirror: an eye in O, therefore, 
' i'the rotated rays, AB, 




A8,AItj&C., (ujfproeeedifm from the paint' a, whichia exactly a» 
« (it Ivtminoue point, A, it b^/bre iL 



firbddndthetn 
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^ 373. The pmat a, behind the mirrot, fratn which the 
nje of light eeem to proceed, is called the image of the )a- 
mmoiis poiat. A, before iL The law just found {or a lumi- 
nous point applies equally to a whole object, uihick tmU, 
iktrefort, t^ppear behind tltemirrar,at the lame distan^^atui 
iotw f A« same situatioH and magnitude which it has h^or* 



B.—ReJteelion of Light from Sphericai JUtrrors. 

^ 273. Law. — 7^ image, a, of a luminous point, A, 
htjore a spherical eoneaee mirror, VQl,'lies always m a 
straight line^ AB, drawn from the bimtnous point through 
■the cenfre.'C, of th« circle, PQ, of which the mirror makes a 
part. This straight line is called the axis of the mirrof. 

PlE. IM. 




Let C be the centie of the spherical nurror, PQ ; CM ita ndt- 
lu; A, the lununous point before ibe mirror; AB, aBtraight 
Hue from A, through the centre, C ; AH, a r^ emonatin? fi^ 
A. Then, the angle of incidence, AMC, being equal to Uie an- 
gle of reflection, CHo, it follows tint Ma is the reflected raj ; 
and in a similar manner it may be Bhown, that every other nj 
proceeding from the luminouB point. A, is likevriHe reflected to 
the point aj wherefore, a will be the image of A. .And ir the 
point A i9 situated differently with regaM to the concave nW- 
roi, PQ, it will atill be found, that its im&ge lies in a atraight line, ' 
drawn from the point A, through the centre of the mirror.* If a 
■ were the luminous point, then aM would be an emanatiM ray, 
UA the reflected ray, and the point A the ima^ of ^ 'niis u 
lafficientlj plain from inspection. (See the figure.) . 

* When the mirror is an arc of more than 10 deneea, there will be 
•ome incorreotnew iA tha leBection of lajs, and uw image in a will 
not be distinct. 

D,g,l.2cd|v,G00glc 



906 LIGHT. ICHjLF. nil. 

^ 274. Faeuf, or Bamitig Point. — When paralkl -raya 
Jfrijte apon a jpkrrical concaee mirror, they are refiected in A 
point vMch Ha exactly in the middle, helieeen the mirror tmd 
theeentre, C, of the are, VQ.. (See the last figure.) This is 
tbe cfae when the rajs of the sun strike upon it, which, on 
account of the great distance of tbe sun, majr be c<Kisiilered 
as parallel. The point in which these rays are reflected is 
eilled tbe bitming paint, or fiicus; because an indetinite 
degree of heat qiay be produced there by the concentration 
of (he sun-heams. Divergiag rays are colUcttd in a point 
which is as much nearer the focus as the luminous point is 
remote from the mirror. 

^ 275. Th« distance of the image trom the minor d^ 
peads upon the dis- 
FlS. 13K. tance of the luminous 

point before the niir- ' 
ror.. With regard to 
this, we haye the follow- 
ing law i-^Tke nearer 
the olffect approaehet 
the focus, the greater 
teill be the distance of 
the image before the 
mirror. When the ob- 
ject, A, is in the focus 
itulf (Fig. 135), lAen there wiB he no image at alli because 
tbe rays will then, be reflected parallel to one another. 
Lastly, when tA« 
"«•'»■ • . ol^ect. A, is be. 

tween the focus 
and tkt mirror 
(Pig. 136),*A#r«- 
jiected rays toitl be 
diverging, and the 
■ image will be he- 
kind the mirror, in 
a point, a, which, 
to distinguish it 
from ihe rea] fo- 
cus, before the mirror, is called the geometrical or virttial 
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$ 376. If HN is k wh»k ofgect beGure the mirror (Fw. 
137), then th« 
Fi«. 137. inugg of ,i^ 

: M will 




quently every 
Olher point of the object, S(N, will have its image hrheee^ 
m iDd n; BO that nut is the whi^e image of the object MIV. 

§ 277. When the object is -Airtber fVom the mtrtor than 
the focus, the image is inverted (as is the caae in ^e last 
figure) ; but when the object ie between the mirror and the 
fbcuB, the image will be upright, and grow larger in propor- 
tion as the object is {ilaced nearer the mirror. 

Ttie truth of these asBertions may be proved by simple 
drawings ; obeervin^ alwaye to make the angle of incidefiCB, 
made by fte atrikiiig ny and the radlua of the mirror, equal to 
t&e angle of mflectioa made by the radius and liie reflected nj. 
The whole may be illustrated by the simple experiment of placing 
the flame of a candle nearer or farther trom the fticuB, or in the 
focus itself, 

^ 27S. Cotteex Mirrors.- How the image is formed with 

« convex mirror, may likArise be shown by drawing Fig. 

138, whereby 

1^.138. . ...... 
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object (BIN) recedes from it ; aad, ^Ij, That a codtcx mit- 
Tor of asmuler radius represents the same object, held at the 
same distance from it, smaller than one of a grester radius. 

All these assertionB mAj be essil; rerified by experimeBta with 
the Sane of s caudle. 

^ 279. Conicai and Cylindrical Mirrors. What has 
been said of spherical mirrors, vill serve lo explain the phe- 
nomena of cylindrical and conical mirrors.' Both give a per- 
fect image of the object ia length ; but the transversal di- 
mensions appear smaller, and are, in conical mirrors, dimin- 
ishing from the basis to the vertex of the cone. 

Opon this propettj bf cjlindrical and conical mirrors is found- 
ed the ait 01 making certain distorted drawings atfd paintings, 
which become regular when viewed through such a mirror. Tl^j 
are known by the name i>t eahptricai aaamnyhMa. 

C, — Refraction of Light. 
1. 'Qentnd Obttrvctiottg. ' 



, % 380. Rqtio e/ Refraction. 



ng. im. 



It has been observed 
(^ 266, page 205^; thnt a ray 
of light, AB, passing from one 
medium into another, is refract- 
ed ; and it has'been shown, also, 
by experiments, that the angle of 
incidence, x, fomed by the ray, 
AB, aM the perpendicular, PBQ., 
bears a certain constant ratio to 
the angle of refraction, y, made 
by the same perpendicular, PB<^, 
with the refracted ray, Bu ; that 
is, a ratio, which, for the same 
two mediums, remains upiformly 
the same,* whatever may be the 
of the ray with respect to the surface. 



* Mathematicillv spe&king, Hub c 
twe«n tbe an^le*, but between their 

•oribiog & circle &ain the eentie, B, uid dropping fiOD. . , — 

perpendicuUn r» and uv, to tbe line, PQ. When tbe an^ we 
■mall, then tbe ntio (Albeit uDCBmaj be lakeofw that of IJte angles, 
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Thus . the talio of the vtg]e of incidence to the angle of 
refraction is nearly as 4 to 3 between ur and water ; as 100 to 
€5 between air and common glass, &c. 

^ 281. Refracting Power of Bodies. The smaller the 
angle of refraction, the greater is said to be the refracting 
power of the transpareai body. In this manner the refract- 
ing power of many bodies has been deteroUDed. (See Ta- 
ble v., at the end of the book.) 

Heretofore a belief extBted, that the refrailtin^ powers of bodiea 
are in proportioit to their densities ; but expenments have aince 
proved that the refractine [Mwer is greater in comburiiUc anb- 
stancea, -independently of Uieir densities. 



3. lUfraeticn qf Light in a Bodubtnmdtd bg Plum axld ParaUti 
Surfaut. 

^ 383. When a ray of light falls peq>endicularly upon a 
transparent body, bounded by plane and 
ftg. 140. pafaliel surfaces, then no refraction takes 

place, and the emerging put, CD, has 
yet the same directioD as the incidental 
ray, AB. (See Pig. 140.) 



+ 



\ 283. When parallel rays (Fig. 141) fall obliqaely up- 
on a transpareot body, bounded 
^Ut- 141' ■ as before mentioned, the emer- 

ging rays will again be parallel ; 
because, upon entering the body, 
the raya will be refracted as mnch 
towards the perpendiculars, as, 
upon emerging from, it, they are 
refracted from them. 



"If the emerging rays poaa tbrougb ft second or third transparent 
body, the emerging rays will still be parallel to each other, pro- 
vided the refracting eurfaces are themselves parallel to each 
other. This is, ibr mstance, the case with the rays of the sun, 
when refracted tbrongh several dbioUsI panes of a window. 
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J 384. When diTer^iDg rnva fiJI upon a tianspuent 
y of the SUM description, tnen " ""^ 



n the emerging rays, CD, 




OH, vill be less Aiveiging than the incidental ra^s, ABK, 
AEH, when the transparent body posseases a peater re- 
firacting power than the air, and more diverging vhea the 
rerarse takes place. (Fig. 142 lepreaeats the fiist case, 
and Fig. 143 the second.) 

Tig. 148k 




"Asve principles will serve to explain a variet; of phenomena. 

Til. why, throngh the refraction 
■"«• '**■ of ligjit in the atmosphere, the 

BtsTB appear higher than they re- 
ally are ; because, the different 
strata of air becoming more dense 
in proportioQ as they s^roacbllie 
sartitce of the eaTth,Braf of l^M, 
' passing through them, is eoBtmv- 
allf refracted, and describes an 
arc, AO, so that the i^ecMMr^ 

D:,-:c.Jt,C.0'0glc 
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eye iq -O sees the star A Id a [the diataace between A 
and a 19 termed the parallax, and is of the greatest importance 
in astronomy) ;— why a body, placed under water, appears neuer ' 
the BurTace ; — why a rod, partly immeraed in water, appears bro- 
ken ;^why«n atmosphere, charged with fog or mist, eihihits dif- 
ferent optical deceptions, particularly in the vicinity of lakes, and 
other iarge bodies of water (the fita mdrganaj near the city of 
^^gfiio, in Italy), &c.* 

3. Rtjractvm qf Jagkt throvgh Bodiei bounded by ^thtrieat 
Surface* [Lenies). 

$285. Lenses. "A pieceofgl^s, having on oaeor both 
nde« a spherical form, is called a lens-i There are seven 
different kinds of lenses. 

A B CD E F Q 

1. A spherical leas, A (see the figure), having every 
point in its surface at the same distance from the common 

3. A douik cotaex lens (B), hounded by two spfaerical 



. 3. A pkauhconvez lens (G), bounded by a plane on one 
. side, (ina a spherical section on the other. 

4. A doiAle concaitt litis (D), bounded by two concave 
spherical sections. 

5. A plano-cencave lens (E), .bounded by a plane on one 
side, and a concave apherical section on (he other. 

6. A meaiscua (F), bounded by a concave and a convex 
spherical surface ; the radius of the convex surface being 
smaller than that of the concave surface. 



* Among thOB« vho have particularly diBtin|r(UBhed themielvea in 
this department of Natural Pbiloaophy, are Dr. Brewster and Dr. 
WollutoQ, in Biigtuid ; Meura. Biot, AJngo, and Malua, in I'mnce ; 
and Tobiu Mayer, and Prof. Wonach, in Germany. See Gilbert'a 
■ of Nat. Philomphy ; Oehler'a Dictionary of Sat. Fhiloaophj, 
..... T. Btjndea. 

Until, a imall kind of beu. 
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7. A eaMCMv^-coMsM fetu (G), bounded by a concue and 
MOvex larfaM, but the radius of the concave' surface being 
■nnller thia that of the convex surface. 

Tbe line HN, in wbich the centres of these spherical 
•orfeoes are situated, and to which these lenses are perpen- 
dicular, IB called Iheii axis. 

^ 286> Properties of Convex Lenses. — All convex lenses ■ 
km tiefoBomngpraptrtits : — 

1. Parallel rays (Fig. 145), or rayi proceeding from a 
distant object, A (Fig. 146), are refracted by them in such 

Fl«. 140. Fig. IM. 



a manner, that the; unite agaiu in a certain point, F, behind 
tlie lens. This point is called the image of A. (Compare 
this to tbe laws of reflection, page. 207.) 

3. The image lies, always in a straight line, drawn from 
tbe object to the centre of the lens. (CmnpaFe ^ Si73.) Hence 
it follows that — 

3. The images of the dbiecte before the lens appear be- 
hind itf hut ioTerted, as is the case with the. image produced 
by concave mirrors. {^ 276.) 

4. What (he object is the sun, then the refracted rays 
meet in a point, which is called the focus, or burning paint, 
of tbe lens ; because the heat produced in that point by the 
condensation of the sun-beams is capable of Uniting com- 
bustible substances. 

6. There is a- Gmus, or burning point, on either side of &e 
lens, according as one or the other side is turned towards 
the sun. 

6. The distance of the focus from ihe tens is called the 
focal distance, and may be found by espeiiments. 

Id a double and eqwdly convex lens, the focal dist&nce is gen- 
erally equal to the radius of the sphere. If tbe lens is unequal^ 
convex, IJie focal distance is found by the fi^owing rule : — MnlB- 
ply the two radii of its sections, and divide twice that product to 
tM sum of the radii ; the quotient is the fiical distance reqnlred. 

7. The nearer an object approaches the one fooue of the 

D:,-:c.Jt,C.OOglc 



6. When (he ohjeet ia placed in the fociu ilielf, thea 
' ttier« ia do image whatever formed on the other aide of the 
lens ; because the emeigiag rays will be parallel to one an- 
otber- (Compare -^ 275.) But when — 

9. The object approaches stilt nearer, bo as to be between 
the focus and the lens, then the emerging rays are diver- 
^ng, and seem to proceed from a point ie^e the lens, which 
U called thejoeiis of the diverging rays. 

Fifures 147, 146, and 149, reraeeent the last three cafla. 
When the image is in A (Fig. 147), beyond the tbcus F, then 



Fig. 147. 



Fif.l4S. 



' the image is in d, beyond the fbcua/, on the other side. When 
the object is in the focus F (Pig. 146), then no image ia formed, 
and the eaiewag raya MN, OF, axe parallel to each other. Fi- ' 
wiUft when u>6 object ia between the focus, F, and the leni^ 



{Fig. 149), the emerging IW^ HQ, NR, are diverging, and Men 
m emanate &omthe points, before the lens. 

10. The farther the image ia'made to recede from the 

lens, the more wilt 
FIff. 160. the object appear 

magnified. More- 
over, the image 
must be ittverted 
(Fig. 150), as is 
the case with the 
' imag* produced by refractioii from a concave nnrior. 

11. The greater the focal dL^^nce of the leni,the greater 
an the images of one and th^ ^^^e object at the same dia- 
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Unc« from the lens ; or, in other words, the magnifyiMg 
power of the lens increases mth the focal. distance. 

All these prinoipleB mfty eoaUy be proved by dr&wingfl, or 

■■'- '•-- ''-■^~ -f Ji- Their rigoroua 



^ 287, The phenomena produced by concave lenses are 
thefoUoteing : — 

I, When parallel rays, AB, ID (Fig^JSl), fall tipon a 
concave lenS^ ihe emer- 
Fig. 151. ging rays, CO, EH, are 

diverging, and eeem to 
proceed from a point, F, 
which is called the eir-, 
tval, or principal focos of 
the, leas. 
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When diverging rays, AB, AC, &,c. (Fig. 152), pro- 
ceeding from any point beyond 
the focus, fall upon a concave 
lens, then the emerging rays 
are still more diverging, and 
seem to proceed from a point, 
a, between A and Uie centre 
of the leo^. Aa the object. A, 
approaches the lens, the point 
a will also grow nearer it 
3. Converging rays are either made less converging, or 
parallel, or even diverging, according aa Ihey proceed from 
a point bevond the focus, or from the focusi or flrotn a point 
within the focus and the lens. Hence it is evident that con- 
cave lenses are unfit for the formaiion of images ; because, 
to produce an image, the refracted rays must cut each other. 
§ 288. The effect of a meniscus (^ 2S5, 6) is the same as 
that of a convex lens of the same focal distance ; that of i. 
concavo-convex lens is the same as that of a convex lens of 
the same focal distance. . 

Rehark. It is important to diatingaish between dtoplnc and 
cofoplrtc image*. The images produced by lenses are called 
dioptric iraagsa ; while those produced by the refractioa of light 
from minors are termed catoptric images. 
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X>.~-Theorg of Colors (Aehromatics). 
Fig. 1S3.. 




^ 389. Prismatic ^eetmm. When a smdl opeoing w 
made in the window-sh utter of a dark Toom,- and a triangiJJar 
glass prism is placed behind it, in such a. inanner that the 
rays of the sun may enter and leave the prism at equal kd- 

flea, then tbe lajs, afler being refracted by the prism, wiR 
isperae, and form upon a screen, MN, an oblong image, 
PT, containing the seven colors which are enumerated ia 
the figure ; the red being leasl, and the eiolet most, r0-acted 
from tbe original direction of the beam of solu' light, AB. 
This oblong image, PT, is called the solar, or prismatic 

^ 390. The magnitude of the spectrum varies accordiog 
to the -different aubstanceB chosen for the refracting prism. 
These substances, therefore, are said to possess different 
dispersive potna-s. 

^ 291. Simple and Compound Colors. When a hc^ is 
made in the screen, MN, opposite any of these colors, and a 
beam of colored light is let fall separately upon a second 
prism, it will be found that the light of each of these colors 
)s aft'it« refracted ; because the second prism cannot separate 
them again into an oMong image, or into any other colors- 
For this reason, the above-mentioned seven colors are called 
simple, or homogeneous ; and the white light, from which 
tbey are obtain^, is called compound, ot^terogeneous. 
19 
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^ 292. If the prismatic spectium is made to fall upon a 
leDB or concave mirror, then the seven colors retracted into 
the focus appear again white, as the Bolar beam, AB, before 
being rtfracted b; the prism. 

^ 393. Another prism, AC& (see the last figure), 
formed like the prism ABC, and made of the same sub- 
stance, when placed as represented in the'figure, destroys, 
likewise, the spectrum, PT, by refracting all the rays sepa- 
rated by the prism ABC, to the same point, Y, where, by 
their mixtore, they form again white light. 

^ 294. ' But when the angle of the prism AC6 is not 
equal to the angle of the prism ABC, then the second prism 
^s neither correct the refraction of the first, nor prevent 
the dispersion of the colors, and a short spectrum is formed 
in Y', a Uttle abuve Y, when the angle of the prism ACb is 
less than the aiigle of the prism ABC, or beloa Y, when 
the angle of the prism AB6 is greater thso thM of the 
prism ABC. 

^ ft95. From these and other experiments, first made by 
Bir Isaac Newton,* and afterwards repeated lind extended 
hy E»ler, Young, Brewster, Holland, Leslie, Arrago, Biot, 
'Tobias Mayer, Wiinsch, &c., we are entitled to the follow- 
iDg conclusions :■ — 

1. ^at white solar light i» campoiauied of colored ratfs, 
and is enable of being decomposed into seven primitive colors, 

3. J^at the sfoen colors hone each the stone capacity for 
being redacted, or, in other words, that they have aU the 
same refrangibility. 

3. That thtir mixture produces again white hght, 

4. T^al there i$ no refraction of light without dispersion 
of eoiors. 

5. 7%«/ different substances possess different dispersive 

* Optics, bj Sir Inac Newton. London, 1701. Optiee nve ife 
Reflexiombna, Refr&ctioiiibDa, Infleiionibus, et Cdoribus Lataa, Libit 
III. Auct. la. NewtoDo ; }.st. redd. Sunuel Cluke. Lond. 1706. 
LMHh. Enleri nova Theorit Lucia et~Colanini, in the Bit volume ni 
Ub OpoM. Tuii aiga^nli. 
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4 396. If light (according to Sir Isaac Newton) is tun- 
tertal, and emanating from luminous bodies, tbea we can 
explain these phenomena two ways ; 1st, by supposing that 
light is conipoEed of hetetogeneous particles, which, by af- 
fecting the eyes in various ways, produce the different sensfe- 
tions of colors ; or, 2d[y, by supposing 4he 'particles of light 
to be homogeneous, but differing from each other in magni- 
tude, and producing different sensatioiia in our eyea, by 
being propelled with different velocities. 

AccordiDg to Young and Leonhard Euler, who believe 
light to consist in vibrations similar to those which are pro- 
ductive of sound, the seven simple colors are to the eye 
what the seven tones of the diatonic scale are to the ear ; 
resulting from the quicker or slower tremulations of the ior 
minous body. White light is, then, for ihe eye, what a mix- 
ture of sounds is. for the ear — noise without harmony. The 
different shades and gradations of the seven simple colors 
are analogous to the different notes in music. 

The pbenoniepa just described explaisii niunber of phenomena 
m nature : — the appearance of the rainbow, produced by tte dis- 
persion of colors, when solar light passes through' drora of raia; 
the colors perceived in a soap-Dubble ; the colored ninge seen 
when looking through a cut glass, Slc. 

Herachel, a celebrated English philosopher, pretends to have 
discovered invisible rays of solar light, beyond the red color of 
'the spectrum, possessing a greaterdegree of Wf tian any of the 
colors of the spectrum. Other' experiments, however, made by 
Beckman, in Carlsruhe, and Leslie, in Edinbargb, do not seem 
to corroborate this statement. 

J 297. It is important to observe the difference between 
refraction of light and dispersion of colors ; for a certain 
transparent medium may refract light more than another, 
and yet have a less dispersive power. Upon this principle 
is founded the constru):tion of achromatic prisma and lenses, 
which refract light without decomposing it into colors. 

John DoUnnd, of England, first found by eiperiment, that flint- 
glass (the white glass'of which drinking glasses are made), and 
crown glasB (the glass with which windows are glazed), have dif- 
terent dispersive powers. By combining flint and crown glass in 
a leus (as is shown in Fig. 154, 'where AB represents a concave 
lens of cron-n glass, and ah a convex lens of llint glass), the dia- 
pcfsive power of the flint lens coirecla, to a considerable degree, 
thatof the crown lens. By a concave Jens of muriatic acid, with 
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aA. 



a metallic solnUon, between two Icubgs of glass (Fig. 155), the 
r&js of different coLorB are bent from their rectilinear course, with 
nearly the Baroe regularity as by the reflection from metallic mir- 
TOTB. This IB an invention of Dr. Blair's,* 



^ 298. Variety of Colors. It remains for us to explain 
the infinite variety of colors exhibited by different bodies, 
wheu exposed to solar light, ot tbe rays of aiiy other lumi- 
nous substance. This may be explained, according to 
Sir Isaac Newton's theory, by supposing these bodies to 
posaess different chemical properties, in consequence of 
which they decompose the white solu light, absorbing some 
of its simple colors, and' reflecting the rest. Were we to ad- < 
here to Euler's theory, we should have to seek the reason of 
tbe variety of colors in the shape and elasticity of the sur- 
face which is presented to the light;, for on these, would 
depend the angle of refraction, and the quickness of the 
vibrations of the refracted colors. 

^ 299. Some bodies suffer part of the light to which 
they are exposed to pass through them, and absorb or re- 
flect the rest. This property explains the bjiio hue of the 
atmosphere(bccause the air reflects only the blue color, and 
lets the rest pass through it), the effect of colored glasses, 
&C.+ Other bodies become transparent when their pores 



' Eoler proved the posMbilily of combinias Ivo BubataDCea whose 
diapersive powers might mutualty correct eaoii other, long before the 
experiments of Dolltrnd, b; the simple force of m&thematieal reason- 
ing. (See Euler's DloptrJCft.) 

1 Goethe, in his Achromatics {Goethe's Farbpnlehre, Tabingen, 
IBID), eipliina the vs.riety of colors in a. manner dLametrically oppodle 
to that of Sir Inmc NowUhi. But his work is bntter adapted to paint- 
ers and artiBtg, as the whole sohject is treated m particular re&rence 
to theGnexrts. 
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ne filled wMi a trBuspareiil fluid. Paper becomes Uwb- 

Sienl wfaea it absorbs a quantitj^ of oil ; the stoufi aaitei 
tbvphaat, wheD dipped in water, iSbc. 

^ 300. The chemical properties of bodiee may be BO 
changed, that they act differently upon light from what (bej 
did l^fore. In this case, they must also exhibit a different 
<M)lor. Instances of this kindare daily furnished in chem- 
istry. We may also cover the surface of a body with a 
Mlwtance {pigment) which operates differently upon ligltt, 
and therebyproducesa chaiig«ofcolor. Uetenpon dcipe^ds > 
the procesa of dyeing, painting, &c. 



E. — OfVii.ion. 

1. TheEyt. 

} 301. The human eye (of which Fi^. 156 n a Seaak 
VI, and Fig. 157 a vertical section) is nearly of a globu- 




lar &rm, with a slight elongation or projection iu front. It 
consists of four coats, or memt»'anes — the selerOtie, the cor- 
nea, the choroid, arid the retina ; of two fluids — the aqneotu 
and the vitreous; and of the ctystalliae hns. 

^ 302. The sclerotic coat, oaaa (Figs. 156 and 157), is 
the outer and strongest coat (commonly called the white of 
the eye),\o which are attached the muscles for giving it 
motion. Joined to it is the cornea, hb, which is the clear 
and transparent membrane through which we see. The 
19 • 
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eornta consists of sereT&l layers, to give it strength, and to' 
derend the 'delicate part within from estema] .injury. On 
the inner surface of fbe Hcferotic coat is the choroid coatr' 
GOrered with a black pigment The inneTmoat coat is the 
retina, rrrr, formed from the expansion of the optic nerre, 
which enters the eje at o. In the centre of the retina is a 
mall hole, with a yellow margin ; properly speaking, it is but 
a transpHrent spot, free o£ the pulpy matter of which the ret- 



'Thi 



^ 303. The interior part of the globe of theeye is divi'' 
dea into two very unequtd- segments, by a flat, circular mem- 
brane, ef, called the irii. It is of different colors in differ* 
ent persons ; and we are in the habit of calling a person 
Nach-ei/ed, blue-eyed, &c. according as the iris of his eyes 
is hiack, blue, &.c. The iris has a circular opening, d 
(Figs. 156 and 157), in its cenUe, called the pupil, which, 
expapds i^hen the light which enters through it ia dimin* 
isbed, and contracts when the light ia increased. The space 
before the irisf which ia called the anterior chaaiber oftht 
eye, contains the aqueous humor, so called from its resem- 
blance to pnre water ; and the space behind the iris is called 
the pos(<nor chamber, and contains the crystalline lens, U, 
and the vitreous humor, which fills all the rest of the eye. 

\ .304: The crystalline lens. is suspended in a transpar- 
ntule, or hag, by what are called the ciliary processes. 
This lens is more convex behind than in front (as 
shown in the figure), and consists of concentric coats, which 
are again oompoaed of fibres. The lens is destined to cod- 
Tey the rays, after refraction, to the retina, there toforni..' 
the image of the object before the eye. The vitreous Aunof^ 
HMN, which occupies the largest portion of the eye, lies 
immediately behind the crystalline lens, and fills the whole 
, space between it and the retina, rrrr.' 

' The iibflve descriplioo of the eye ia chiefly taken frpm-the ezcelleM 
tROtiae on optio, in the Library of Uscfu] Knowledge. Thoie teach- 
eri who Willi for a inore detailed description of the eye, and the Auie- 
tioni or each of its metabruiea, will find it in the fiist TDlume of Cald- 
ireir« tranalaiioii of Bluroenbach'g PhyirioloirY ; Sect. XXI., on ViBion. 
Philadelphia, 17[«. 
" ■ . . jjip^on of tbe ervBtaJline Isna, and it 

f. Reil'a Diawi ' - 

^hiloKph; ; Vol. VIU., page » 
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2. Vuion. 
§ 305. The crystalline lenB and the retina are by far 
the most important parts of the eye ; and on them depends 
cbiefly the process of seeing. The raja of light which enter 
the eye through the pupil, afler being retracted through the 
cryatalline lena, and the other aqueous and vitreous humors 
of the eye, impress the retina with a. distinct image' of the 
object before the eye (Fig. 158), in a manner similar to the 

Fte. US. 




fbnnalion of images b; convex lenses. {^ 286, page 214.) 
.We see an object the cleared the more distinctly the retina 
is impressed with its image. 

^ 306. The different humors of.the eye seem to be des- 
tined to-correct the dispersion of colors by the crystalline 
lens ; otherwise we should see all things embroidered with 
colors and fringes; as thej appear when seen through a 
prism. 

^ 307. The eye cannot see clearly a distant object and 
a near one at the sAme time ; because the image of the 
more remote object will be nearer the crystalline lens than 
that of the object which is at a shorter distance (^ 2l4, 
page 266, 7thlj); consequently, when the image of the one 
is distinct on the redna, that of the other will be less so. 

4 306. Some persons cannot see well at a distaiice, 
while others cannot see clearly an object which is near them. 
The former are called near-iighted, and the latter long- 
, sighted. In a near-sighted person, the image of a distant 
object falls always between the retina and the crystalline 
lens ; in a far-sighted person, the image of a near object 
falls beyond the retina. Hence the invention and use of 
spectaeks. Near-sighted persons need concave glasset, 



Digilizcd' Google 



SS4 CISIOK. tOHAP. TIU. 

f«F«ighted persons use cMi*ex glaaaea, to prodoce a distinct 
imige OD the retjna, becuue the image is bj the former 
fafoo^ht marer, and bj t~he latter farther fivm the glass ; ao 
that, ia each case, it fidls on the retina. 

^ 309. The images of the objects before the eye appear 
■n*ened oa the retina. (^ 286, Sdly.) Sereial images, how- 
erer, hare, with regard to each other, tit same relative po- 
utimt ■ which the dejecta tbemselvea hare ; and this u the 
reann why we do not stt them inverted. We do iiot eroi 
become cooscioiu of this inversion of the images upon the 
rtfina, and do not judge, boat the positioii of- the image in 
the eye, of what is above or below, to the right or left of an 
object* 

^ 310. Two lines (F^. 159), dniwa from (be two ex- 
tremities of an ob- 
1«* IM- ject to the middle of 

the crystalline lens, 
form what is calldd 
the vistud tmgle, and 
the image of the ck 
ject itself is formed 
Dpon the retina, 
within the «ztended legs c^ this angle. The greater the 
angle is, the greater i« the image tm the retina ; the greater, 
therefore, mpeart the object itself When the Tisaal angle 
ia very smalJ, then the object, which appears to diminish to 
a simple point, can no longer be perceived, onless it be very 
intenaely illumined. This is the case with the fixed start, 
which we cannot perceive in daylight. 

^ 311. The farther an object iafrom the eye, (he small- 
er is the visaal angle. (Seethelastfigure.) Of the (fiatance 
itself, however, we do not become conscioua by mere vision. 
On the contrary, we know th^ children, ani^penons who have 
had cataracts lemoved, bad do idea of distance, but had In ac- 

' This ia ft matter of physiolopcd ■pecalation. The eye •eema to 
be netely the mediani through which the optic oarve receives ImpfH- 
nont from the objecls before the eye. But in what muiDer the optic 
neire propagste. the« impresaiona through the brain, »nd how thence 
.h.-„nri,._iri wconseioMofthem.is totdiy unknown to the 
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quire it by experience. Thus we judge of the diataoce of an 
object by comparing its apparent magnitude to its IidOwd size ; 
by the weaJcneas orintenaity of the light in which it appears ; bj 
the number of tb^gs which are seen between the object and 



F.^ — Optical Instruments. 

§ 312, The following are some of the principal instnt- • 
ments new in use : — 

1 . The camera obscura, or darkened chamber. If, through 
the wiDdow-ahutter of a 
F^- ISO. darkened room, a small cir- 

cular hole be made, and pro- 
vided witli a double convex 
lens, the images of external 
objects, such as trees, houses, 
men, &.C., will be seen upon 
a screen, or piece of white > 
paper, placed before the aperture. 

The same phenomenon may be witneased, also, without a lens ; 
but then tbe colors will be less bright. The images appear in- 
verted (see tbe figure), becaaae the rays which proceed Srrym the 
top. A, of the object, will foil upon D, the foot of tbe Image ; 
whereas, the ray BC, proceeding from the foot of the object, will 
farm the top of the image. 

Another modification of the same 
Fig. ISJ. instrument, which is frequently nsed 

by palntera, to delineate a landscape, 
, may be^seen from the following fig- 
ure. It consists of a small house, 
with a plane reflector, inclined at 
45 degrees with the horizon, and a 
plano-concave lens (see Fig. 161), 
through which the rays, reflected 
from the mjii*r, are so refracted as 
to form a perfect image of the ob- 
ject without, upon a piece of paper, , 
upon which the painter may sketch 
it The utility of this instrument is 
muiifest from its construction. 
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a. The CMH^ Jucida, indented by Or. WoUbbUid. It 
cooBiats in a quadrangular 
ri«. ua. priam {Fig. 162), attached to 

a small metallic rod, which 
luay receive any inclination you 
please, with the table to which 
it is fixed. . The rays proceed- 
ing froiD a distant object are 
refracted by a ' 




, that 






the image appears upright on 
the horizontal table, AB. This 
instrument may likewise be used 
for delineating alandscape. . 

3. The pngh microscope. Thiq consists in a double con- 
vex lens, or in a small globe of glass, made by melting the 
ends of a few threads of spun glass in the flame of a candle. 
Its magnifying effect, when held between Ijie object and the 
eye, may easily be understood, from the properties of convex 

4. The eompini;fd microscope. It is composed of two 
lenses (Fi^ 163), fixed in a tube, ABCD, m such a wttf 



that an image of the object, P, is formed within the tube, 
and afterwards seen magnified through the other lens, AB. 
The object is commonly placed a little beyond the focus of 
the smaller lens, CD, which is called the object-glass; the 
lens AB is called the tye-glass. 

5. The oitronomio^f telescope.- This consists of two con- 
vex lenses, of unequal focal lengths (^ 2^, 6th), placed at 
1 distance from each other, equd to the sum of their focal 
lengths. The lens of greater focal length forms the obiect- 
glass; the other lens forms the eye-glass.' The says, MA, 
NB, which come from a very distant object, f 
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iiroin a star (and which may, therefore, 
parallel to each other), are by the object-glass collected into 
an image, K. This image is then seen as many tiincwniag- 
nified through the eye-glasa, DO, aa the focal length of this ' 
eye-glass ia CQOtained in the focal length of the object-glass. 
Thus, if the focal length of the eye-glass, DC, be 100 times 
contained in that of the object-glass, AB, the star will be 
seen 100 times magnified. That the object is seen inveiV 
ed, is easily perceived from the figure. The rty AM wiB, 
after refraction,' be seen in the direction GO, and the ray 
NB, in the dilution DP ; bgf this circamstanne ia «f no 
ooDsequence in astroDomicol researches. 

6. The terrestrial tehicope, for such purposes as ship and 
flpy-glas^B. This is a refracting teteaco^, -with two addi- 

Tit. ISS. 




tional eye-glasses of the same size and shape, placed at 
equal distances tromeach other, aud in such a manner that 
the focus of the one meets that of the ne« lens. The two 
additional eye-glasBes, EF, GH, are introduced for the pur- 
pose of collecting the rays proceeding ftom the inrarfed im- 
age, MN, into a new, upright image, l^tween GH and EF, 
which is then seen through the last eye-glass, Gtf, under 
the Tiaual angle, POQ. 

The image of the object, seen through a reftacting telescope, 
ia never 8«clear and perfect as that obtained by the reflecting 
telescope (first projected by Ke[der) ; because the dispendoD of 
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7. The refitclitig teUscope. (Pig. 166.) It consJats of a 




large tnbe, containing two concare metallic Intrrors, AB, 
and e, with two planO'^Mnvex eye-glasees. ' The miirois are 
placed at a little more than the sum of their focal distance 
from each other. The effect produced by it is this : The 
paialle] rays, rr, rr, coming worn a distant object, are, by 
the mirror AB, reflected to a focus, g, .vhere an inferted 
image of the object is formed. The diverging rays proceed- 
ing from this image are, by the small mirror, c, again reflect- 
•d, and received, by the eye-^ass, F, through a hole in the 
middle of the mirror, AB- The eye-glass F collects these 
reflected raya into a new image, and this image, which ia 
now upright, is seen magnified, through the second eye- 
glass, G. 

The reflectinz telescope, just described, waa invented b^ Ot. 
Gre^ry. Ita advantage over a refraction telescope is conrider- 
able ; b^ause, admitting of an eye-glass of b shorter focal dis- 
tance, an object may be seen through it much more magnified ; 
and as, in the reflection from the Durrofs, there ia no disperaion 
of colors, the image is by far more dirtinct than it can ever be 
produced by the best combination of lenses. Besides the tele- 
scope just described, there are others, vqjying a. little fi-om it in 
theic construction, (iregory's telescope, however, is most fre- 
quently used for astronomical pnrpoaes.* 



•chel'i luge lelexH^, now at Glreenwich, id En^and, _ ._ 

dMcriplioa of these instroinent*, see Librair or Uwfdl Enowladp, 
tieatiM on OpticU Inatnunenti ; Fait I. pages U— 19. 
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8. The solar mieroseepe. This coMists of two lenses, C 
gutd D (Fig. 167), and a plaoe mii;or, AB. The two lenMs 

am contained in a 
Pig.lVI. ^ _ tube, which is fixed 

iri auch a manner 
to one of the win- 
dow-abutters of a. 
darkened room, 
that the only 
light which enters 
the room paBsea 
through the lens 
C. Thia lens is called the condenser. The mirror, ^B, 
jemaining without, and the condenser, C, ^re destined to 
throw the greateat possible light on (he object, which is 
placed a litde beyond the focus of the lens C. The rays 
which d^art from this object are refracted' by thfr convey 
lens D, and form behind it ,41 magnified image, whose di- 
mensions are the greater- the nearer the object approaches 
tbe prmcipai fociis of the lens C. This image is recei?ed 
upon ascreen, as in the camera obscura. 
, The solu microecope serves to nngnifj little insects, animfi- 
culs of infusion, &c. ; bat the most beautiful e:q)eritneiit lint 
can be made with it, is to witness thefomiatioaof crystals, when, 
instead of the object, a soluUon of*siilphate of soon is placed 
near the principiJ focus. In a few, minutes the liquid evaporates, 
and the process of crystallization mB,v be followed in all its de- 
IGIb.* Any other sa^ne solution wilt produce a similar effect . 

9. The magic lantern, which is constructed on the same 
principle as the solar microscope. BiiT, instead of the light 



FiK- 108- 



' the I 



the 




(Fig. 168), 



flame of a candle, 
or some other lu- 

used. Whetfthis 
light is, of it- 
self, not intense 
enough, a con- 
cave mirror, AB 
mirror (in the last 



■ See Biot's Fricii Elenentuie de Pbjnqoe ; Tom. II. ptga 31 
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figure), and a lens, CD, is used (or a condenser. The e& 
^t 19 the game as that produced by the solar microscope, 
only proportionnlly we^er, aa may be supposed from the 
leu intense illumination of ihe object. 



RECAPITULATION. 
Of Light. 



[§ 257.] What opinions hare been eutertained by phi- 
loeopbera respecting the nature and propagation of light T 

K 256.] What do you call the sensations which luminous 
bodies produce in our eyes? What do we, by these, become 
conscious oH 



[§ 260] When does tt dark body become visible f What 
is the light thus received called t ' 

[§ 261>] When do you call a body transparent or pet 
btcidt What bodies do you call opaque ? 

What Eubatances ar* generally pellucid or transpareut ? 

[% 262.] What are light-magnets, or absorbers of light T 
Give instances of such bodies. 

[^ 263.] Is all the light which falls upon dark bodies 
reflected by them 1 What do you call those bodies which 
absorb light most 1 What those which reflect it most ? 

[^ 264.] ^010 is Ught propagated? With what pe- 
Jocily ? 

How can you prove that Ught is propagated in straight lines ? 
How has the velocity of light been ascertained ? Can the velo- 
city with which light moves upon our globe be meaaured ? Wbj 
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[^ 265.] If light ia propagated in straight lines, i^ what 
proportion must its intensity decrease T 
On what principle is this law esnablislied? 
[§ 266.1 . What do yon understand by the term ' rtfrae- 

By what simple experiment can you ill lutrate this principle? 

[§ 267.1 How is light affected when passing near the 
aarface-, edgesror corners of bodies? What is li^fat in thi^ ' 
case said to be ? 

What docs this phenomenon seem to prove ? . 

[^ 263.1 What lakes place when light falls upon an 
opsque body T Upon what does 'the magnitude, shtfpe, and 
position of the shade which an opaque body casta behind it, 
depend? 



1." Reflection of Light. 

[^ 368.] When a ray of light strikes upon a polished 
awjaae, eilkerplaju or curved, tohat bno does itfoUote 7 

[4 270.] What are those bodies which are commonly 
used to reflect light calledl When do you call a mirror 
plcme, eannex, or coneaoe ? ' . 

What are the best reflectors ? Why must glass mirrors be 
quicksilvered on one aide ? ■ , 



A. — Reflection of Light Jrotn Plane Mirrors. 

[^ 271.] Hoio ^oes a luminous point before tie mirror 
appedr to the eye ? 
How can you prove th»? 

[^ 272.] What is the point behind the mirror, from 
which the rays of light seem to proceed, called? Does the 
law which yoii have just found for a luminotis point, equally 
apply to a whole object ? Hou;, then, wiU a whole olgeet (t^ 
fore the mirror t^pear to the eye ? 
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B. — Rtfieetitm of lAghtfrom Spherical Mirrors. 

[^ 273.] What is the principal law with regard to an 
image produced by a luminous point before a spherical' eon- 
eaoe mirror? What isthenaawofaatTaigbf tine drawn from 
the luminouB point tbrongb the xentre of the arc of which 
the mirror makes a part T 

How can you prove tlie eorreotaeas of this law by a diagram ? 

[^ 274.] Hovi are paraUdrays refifcted from a coneaoit 
mirror ? When does this lake place ? What ia th^ point 
to which the rajs of the son are reflected from a concave 
mirror called ? Why does it receive this name 1 What 
law ia there with regard to diverging rays 1 . 

{^ 275.] On what doea the distance erf" Ihe image frjttn 
the mirror depend ? What law con you lay down Hspect- 
ingitf 

(The elder pupila mty here be required to draw Figi. 135 and 
136, page 208.) 

[^ 276.] Does the law, which joijl bave just' found with ' 
regard to a luminous peiht, equally apply to a whole object 1 
Show me this by a iiguie. 

[^ 277.] In what case will the image of the ohjki be 
inverted ? In what case will it be upright T 

[^ 278.} How is the image produced by reflection from 
convex mirrors situated with regard to the object 1 Which 
of two convex mirrors represents the same object, held at 
the same distance from it, larger than the other T 

[§~379.] How can yoii explain the phenomena of cylin- 
drical ana conical mirrors 1 In what direction do these 
mirrors gire the correct dimensions of the object ! How . 
do the transversal dimensions of the object appear through 
thiem t ' 

C. Refraction of Light. 

1. General ObtervaHml. 

[^ 260.] When a beam of light passes from one medium 
into another, wtiat relation does the angle of incidence bear 
to the angle of refraction ? 
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■ [§ 381,] What relation exists between the angle of re- 
fraction and the refracting power of the transparent body 1 

What belief has heretofore existed, with regard to the refract- 
ing power of bodiet? What have modern ezperimenta' proved. 
on this subject ? 



3. Refraction o/IagM in a Body bounded !y Plane and ParaUd 

[^ 283.] What takea place when a ray of light lialla 
perpendicularly upon a transpareDt bod; bounded by [duw 
and parallel surfaces ? 
, [^ 283,] What takes place when parallel rays fall o^ 
liquely upon a tranaparent body 7 

If th« emerging rays pass through a eecond and third traiw- 
parent body, bow wul tne rays then be situated with regard to 
each other ? Give iostancea of this kind. 

[^-284.] What-tftkes place when diverging rays fall 
upon a transparent body, bounded as before 1 

(The elder pupils may here be required to draw Figs. 1^ and 
143, page 313.) 

What phenomena can you explain from the princqilea which 
you have just advanced ? 



3. B^attion of LigM Ihrongh Bodies bounded by Sphtrieal Sar- 

facet [Lenstt). 

[§ 285.] What do you call a piece of glass, having on 
one or both sides a spherical form ? How many different 
kinds of lenses are there t What are they ? 

[^ 286.] What are the principal prop^ties of convex 
lenses 1 

[^ 287.] What are the phenomena produced by concave 
lenses 1 

[^ 288.] "What are the effects produced by a meniscos, 
or a concavo-convex lens, similar tol 
20» 
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D.— Tieory of Colors. 

[^ 299.] What do you underBtanil by the solar of pna- 
' matic apectium ? By what meana is it obtained? 

[^ 290.1 Is the magnitude of the spectTum the eaine, 
whateTer tie the substance chosen for the pusai T What 
are these eubetancea, therefbie, said to possess 7 

[^ 291.1 WheD the tight of each color of the spectrum 
is separately let fall upon a second jyism, is there any differ- 
ence found in the degree of refraction of the seven colors T 
Why is there none t What are the above-mentioned seven 
colors oo this account called 1 What ia the white light from 
which they are obtained called t 

[§ 293^ What takes place when the priamatic spectrUm ' 
ia made to fall upon a lens or concave mkrbr, bj which 
they are refracted into a focus 1 

[^ 293.] What takes place when another priam, fbnned 
like the 6rst, an^ made of the same anbatance, is brought ia 
(tontact with the former 1 

[§ 294.] What takes plnc« wheO the angle of the sec- 
ond prism is not equal to the angle of die firat prism t 

[^ 295.1 To what conchisiotts do Ike experimenti you 
have just descried entitle you 7 

By whom were dieae experiments first made P- 

[^ 296.} In how many different ways can you expIaiD 
these phenomena, according to the theory of Sir laaac New- 
ton ? How can you explain the same phenomcBa, according 
to the theoryTif Young and Leoohard Euler? ' 

What phenomena in nature are explained from those you have 
just deaciibed? 

[§ 297.] Is it possible for a certain medium to refract 
light more than another, and yet to hare a less dispersive 
power T What optical instruments are constructed upon 
this principle t 

What celebrated English optician fitat discovered that flint and 
croirn glass have different dispersive powers? What do you call 
flint glasaP What, .crown glass ? In what manner m«st fliDt 
and crown glass be combined .together, in order that the disper- 
sive power of the flint glasa may correct that of the crown glaM ? 
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What other mdanB is there for bending the rnje of difierest col- 
ors with great regularitj, and without dispeiBion from theii rec- 
tilinear cograe ? 

[§ 293.] How can you . explain the infinite variety of 
colors exhibited by different bodies, when exposed to solar 
Kgbt, according to Sir Isaac Newton's theory 1 How cait 
yon explaitr them aoeording to Euler's theory 1 

[^ 299.] What property, possessed by some bodies, ex- 
pls^ the blue hue of the attnospbere, the effect of colored 
(^aeses, &.c. 1 By what other means tiaii you render bodies 
tr&Daparent? When does the stone. called hydrophone b^ ' 
Mine tran^areot? 

[^ 300.] What muat take place when the chemical 
prapBTlies of a body are so changed , that it affects ligkt dif^ 
ftieiitly from what it did before 1 By what other means can 
y^a (cbange the color of bodies 1 What processes in ih« 
mechanic arts depend upon this principle? 



E._0/ Vinon. 
1. TheE^. 

[^-301.] What is the form of the human eyet Of how 
. inaDy coats or membranes does it principally consistT What 
are these 1 

[% 302.] Where is the sclerotic coat situated ? Where 
the cornea 1 Of what does the cornea consist ? What is it 
ioteridcd for 1 Where is the choroid coat situated? With 
what is it covered ? Where is the retina situated \ What 
is the centre of the retina T 

[^ 303.] How ia the interior part of die globe of the eye 
divided ? What is the iris ? What is the pupil of the eye I 
When does the pupil expand itself ? When does it contract? 
What does the space before the iris, or the anterior chamber 
of the eye, contain? What is the space behind the iris 
aalled ? What does it contain ? 

[^ 3B4.] How is the crystalline leoa inepended ? How 
is thia lens shaped ? Of what does it consist 1 What is this 
lent d««tmed for 1 Where is the vitreous lintiKW sitaaled 1 
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[^ 305,] What are the most importuit parts of the eye t 
Hotr is the retina impressed with the image of the object 
belwe the eye t On what depcDda the clearness of sight T 

[^ 306.1 What are the different humors of the qe des- 
tined for f How would we see all things, without these 
hmnonT 

[^ 307.J Can the eye see clearly a distant object and a 
near one at the same time? Why not? What, then, will 
always take place ? 

[§ 306.] When do yon call a ^rson itear-sigiiedf 
when loKg-sigkttdf Where, in a near-sight«d person, is 
the image of a distant object situated 1 What is its situa- 
tioa.in a long-sighted person 1 What kind of spectacles are 
•oited to nearsighted persons T What kind are suited to 
long-eighted persons 1 

[§ 309.] How do the images of the objects before the eye 
appear oa the retina ? Does this aJter the relative position 
oftbeae images? Why not? Do we become conscious of 
this inversion of the images? 

^ 310^] What do you understand by the cimof wigle 7 
at relaiioo does the image on the retina, and consequent 
ly, also, thte appearance of the object itself, bear to this visual 
angle ? When does an object become inf isible ? When 
the vi'sual angle is very small, what is necessary, in order 
that we may see the object? Give an instance of this 
kind. 

[^ 311.] What relation does the distance of the object 
bear to the magnitude of the visual angle? Do we become 
conscious of the distance of an object by mere vision ? 

Give instances of this kind. How, then, do ire judge of the 
distance of an object.^ 

F. — Optical IttstrumeHts. 

[§ 312.] What are the names of the principal optical 
instruments now in use ? Describe the c€mera~obsaira, or 
darkened chamber. Describe a modification of the same in- 
strument, used by painters ifi delineate landscapes. De- 
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«cribe the camera hieida, invented by Dr. IFolluton. What 
does the single microscope consist of 1 How is the confound 
mierostope constructed? ^escribe the astronomical lelt- 
acopt ; iJft terrtstrial tekseope. . What does the reflecting 
tdescope consist of? 

By whom was the reflecting telescope, which jou h&ve just 
descrfted, invented? Wherein consiate the advantage of the 
reflecting telescope over the refractinf telescope ? 

What 19 the construction of the soUr microscope ? What are 
Uie uaes of the solu microscope ? How is the magic lantern 
constructed ? 
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CHAPTER IX. 

OP ELECTRICITY. 

PBENOHENA. 

^ 313, When a piece of Bealing-wax, or a smiwth sur- 
face of glass, is briskly rubbed with a diy woollen cloth, and 
iminediately afterwards held-.towards light and small bodies, 
euch AS pieces of paper, thread, cork, feathers, &.c., these 
bodies will first fly to the surface which has thus been rub- 
bed, and adhere to it for a short time, afler which the^ are 
repelled again. But as soon as they have touched the table, 
they are again attracted, and thisprocess continues for a con- 
siderable time, Thb property, which some bodies acquire- 
by being rubbed, is called electric attraction and fepulsion; 
the surface which acquires thjs attractive and repulsive 
power is said to be excited; the bodies themselves, which 
produce these phenomena, are called electrics ; and the 
agent or cause, to which we ascribe these phenomena, is 
termed electricity.* ' 

The principal etectrics are amber, gloss, re^n, sealm^-wai,the 
fur of most quadrupeds, feathers, dry air, dry wood, paper, eilk, 
and perfect ica, at 13 degrees below zero of Fahrenheit's ther- 
mometer. Must bodies exhibit more or less the same phenome' 
na, under farorable circumstances ; wherefore the division of 
bodies into eiectrica and non-ehctrtci is hardly, any longer prac- 
ticable.f . 

§ 314. If the experiment just described is performed in 
a dark room, fla^hesof light, of a bluish color, are perceived, 

' F^m the Oreek word dectrtm (amber) ; became the ancients 
knew this property of amber. ^ 

t The science of electricity u of modem date, and but of the hvgd- 
tsentb century. WiHiam Gilbert, Otto von Queiicke, Robert Boyle, 
Haakabee, Gray, Da Fay, and Franklin, have moat contAuted to iU 
advancement. 
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during the friction, exteoding over the whole surrace rub~ 
bed, and apadis, attended with a snapping sound, ate seen 
to da.Tt arovind it in &ii directioDS. If a round metallic balh, 
or a knuckle, be presented to the surface, a spark will be 
drawn, accompanied by a prickling sensation ; and if the 
Tace be brought near, a feeling wilt be excited in the skin, 
as if it were covered with a cobweb. 

§ 315- Electricity hy Induction and TVansfer. When 
a metallic tube, perfectly round on ^1 «ides, and either sus- 
pended by silk cords, or supported by a piece of, glass or 
sealing-wax, is brought near, or- in contact with, an'excited 
surface, then the whole of that tube will exhibit the same 
phenomena as the excited surface itself, and is, therefore, in 
the first case, said to be electrified by induction; or, in the 
second case, by a transfer of ehctricity from the excited 
surface. , But when glass, silk, or sealing-wax, are in the 
aame manner brought near, or in contact with, the excited 
surface, they exhibit no such infhience. 

% 316. Conductors and Non-Cenductors. From this 
ana eimUar e^teriments, we are led to infw that some bod- 
ies readily receive and convey electricity, while there are 
others which seem to possess no such conducting power. 
The former are called conductors of electricity, and the lat* 
ter tion-conduclors. 

The principal conductors of electricity are the metals, water, 
and the human body. The principal non-conductorq are glass, 
resin, silk, and sealing-wax. 

§ 317. lasidation. When a body which is capable, of 
conducting electricity, is on all sides surrounded by non- 
conductors, it is said to be insulated. 

The great difference between a conductor and a non-conductor 
coQSista chiefly in this : Wb«D an insulated conductor touches an 
excited surface, its whole surface becomes electric ; and when, 
in this state, it is again touched by a non-insulated conductor, it 
loses at once its ele^jfi'^'ty. A non-conductor, on the contrary, 
shows the electric phenomena only in the point which has been 
touched by the excited surface ; and when electrified by rubbing, 
and touched by a conduct, it loses its electricity only in the 
piunt of contact. 

§ 318. Electrics and Non-Ekclries. It is important to 
otMerre, fiiat all electrics are noD-cooductors, and that, on 
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tbe contr&Tj, the beat c<»iduotOTS are non^ectrics ; w, in 
other words, that the power of producing eleotricitjr in- 
«reasea ia ail bodies in proportion as their power of eotk' 
veyiug this influence diminiahes, and vice versa. 

^ 319. When a. metallic body is insDJatcd, and become! 
electrified by transfer from an excited surface, its electricity 
is for a considerable time permanent ; but when ii is touched 
with the band, or brought in contact with conducting bod- 
ies, which communicate with the earth, then its electricity it 
lost by diffusion into th^ mass of the earth, which is an inex- 
haustible aource for the absorption and supply of electricity. 
& 320. Proper Shape for retatnitig Eketridty . In 
(»der that a body shall contain electricity for a considerable 
time, it is necessary that its form should be, as nearly as 
possible, spherical (a sphere, a spheroid, or a cylinder termi- 
nated on both aides by a hemisphere) ; for it has been 
found by experiments, that electricity escapes most readily 
from bodies of a pointed figure, in proportioa as the points 
project from tbe surface. 

5 331. Electrieai MacUju. To perform electric exper- 
iments with greater 
Mf. IW. ease and facility, we 

make use of what is 
called, an electrieai 
rnacAine. It consists 
chiefly of four parts, 
viz. the electric, tbe 
nitber, the amdncU 
«r, and tbe insula- 
tor. 

The best machine 
for this purpose con- 
■ists of a circular glasa 
plate. A,* turning on 
a^ axis. (See the fig- 
ure.) It is rubbed by 
two pair of cuehicms, 
fixed at opposite parts of tbe circumfetpnce, by elastic frames of 
wood. A hoUow brass tnbe, C (the prune conductor), sappailed 



* Bee Biot'i TnilA de Phjuqiu. Tome I. fge 546. 
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by glass colomns (the inauktors), ia fixed to ths machine in auch 
a moaner, that ita braiicbed extremities, which are commonl; 
furnished with pointed wire, nearly meet the plate. 

^ 332. Single Spark — Striking Dislemee. By means of 
. this machine, the above-described ekclrical pfaenomena may 
be witnessed much more distinctly than by rubbing the 
electric with the hand. If a round conductor, or the 
knuckle, ia presented to the conductor of the machine, a 
Tivid spark proceeds from it, which is called the siagU 

nh. The greatest distance at which this spark may be 
'n, is called the striking distance of the machine. 
To produce these phenomena to theii fullest extent, it ia 
necessary that the rubber should communicate with the earth. 
Very near the conductor, the sparks are smaller than at a greater 
distance from it. 



positc 
fished 



O^osite Electricity. For the discovery of i»- 
1 electricity we are indebted to Du Fay. It is estab- 
1 on the following phe'Domena and experiments : — 

1. If a glass tube and a piece of aealing-wax are both 
suspended by silk cords, and an excited surface (for-in- 
atance, a piece of rubbed glass), is presented to them, then 
Ibis surface attracts both the suspeoded glass tube and the 
sealing-wax. T)ie same takes plaee when tha excited sur- 
face is a piece of' sealing-wax. 

S. When the suspended sealing-wax and glass tube are 
themselres eUctrified, and a robbed piece of glass is pre- 
sented to each of them, as before, then the electrified sealing- 
wax is attracted by it, and the electrified glass tube is 
repeHed. 

3. But if an eictted piece, of sealing-wax is used instead 
of the excited piece of glass, then the electrified glass tube 
will be attracted, and the electrified sealing-wax will be* 
repelled. 

^ 334. Laun of Opposite EUctridty. These experi> 
ments estaUish the following laws : — 
21 
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2. The electricity produced by robbing a piece of sejj- 
ing-waz is eeseatiaJly different fioDi that produced by rub- 
bing a piece of glass ; and such ia the nature of theae two 
kinds of electricity, that bodies imder the infiuence of the 
same electricity repel each other, toJuie those acted upon by 
di^erat eleetrieiiies evince a mmbtal attraction, 

S 325. Positive and Negative Electricity. To distin' 
guish these two kinds of electricity, Du Fay called that 
which ia excited by rubbing glass the vitreous or positive 
^clrieity; and that which is produced by rubbing a pie<^ 
of Bealing-wax. the resinous or negative eiectricity. If we 
denote the yitreous electricity by -)- E, and the resinoiu 
dectricity by — E, we shall hare the following table :— 
+ E repels + E. 

— E repela — E. 
+ E attracts — E. 

— E attracts -^ E. 

W^en the rubber of an electrical machine is also provided with 
a conductor, then this conductor exhibits the phenomeiia of ree- 
tnoiia electricity, or — E ; and the prime conductor exhibiU 
those oftheritreooa electricity, or-|-E. . ' 

^ 336. This law. holds, not only of excited dectricity, 
but also of that which ia transferred from an excited, surhoe 
to another body. 

This may be sbom by two little pith-balla. When both receive 
-|- B, or both — E, from an excited siirtkce, they wiD, in both 
cues, repel each other. But when the one receives -j- E, and 
the other — E, then they attract each other. (For the purpose 
of performing thia experiment, the pith-balla had better be Hoe- 
peniled by fiax or silk cords.) 

§ 327. Electrometer and Electroscopes. Upon tba re- 
pulsive power which one electrized body exercises upon 
another, which is under tb^ influence of the same electnci- 
ly, is founded the construction of elect^nieters or electnn 
■copes. These are instruments for measuring or indicatisg 
the degree of electricity with which a body is charged. 
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Hs. ITO. One of the simplert contrivancea of this kinJ U 

Henley's electrometer (Pig. 170) ; but it ia by no 
mesDs an exact meaiurer of electricity. It coo*' 
aisls of a slender rod of iig-ht wood, capable of 
revolving' round its uxis, c, andterminadng in k 
small pith-bull, a ; Ihia rod is the index of 
the instrument; dfe k an ivory semicircle, for 
the purpose of showing the degree of elevation' 
of the movable index, co. The whole is fixed h) 
a wooden stem, which may be fitted to a hole in 
the upper aurface of the conductor of an el.ec- 
tricEil machine. The number of degrees described by the mova- 
ble index is then the evidence of the qusntity of electricity with 
which the apparatus is charged, 

' The repnlaive and aCtracuve power between the two kinds of 
electricity is also ta^eo advantage of in some electric toya, 
such as tlie dancing of smaU figures, cut out of paper or cork- 
wooA, between two metallic plates, of which one communicfttei 
with the earth, and the other with the conductor of the machins — 
the flying feather, the electrical spider, dtc. 

<^ 338. When a piece of metal, shaped in the form of an' 
S, and pointed at hoth ends, is placed upon a pointed vire, 
which comraunicates with either of the ccmductors of an 
electrical machine, then it will move round with great ve- 
,1ocitf while the machine is turning. If the experiment is 
performed in the dark, then a circle of light is seen, and 
a current of air is felt to proceed froiD the points of th«' 
metal ; which, however, is generally noticed when elMtrici- 
tj escapee irom a pointed surface. 



^ 329. To explain the above-deacribed phenomen'i'of 
electricity, two theories have heen establisbed ; one by Da 
Fay, and the other by Or. Franklin. 

I. According to Du Fay's theory, there exiat two rery' 
subtile and highly-elastic fiuida, which pervade the earth and' 
all bodies, but are void of any perceptible degree of gravity. 
These two fluids possess the following properties : — 

a. They nMre with rarioiu degrees of facility through 
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difieredt substances : in conductors, ot non-electrics, such 
>fi metals, the human body, &.c., without ths least peccepti- 
ble obstruction ; but in non-conductors, or electrics, such as 
glass, resiD, &c., they move apparently with great diffi- 
cult j. 

6. Both fluids possess the same general prc^rties; but in 
relation to one another, their natures are esaentially differ 
ent, and so completely opposite to each other, that, when 
combined, they neutralize and balance each other, and all 
visible action ceases. 



ty is impelled in one direction, and the resinous electricity 
in the opposite one. 

Thus, when a piece of glass is rubbed, the vitreous electricity 
accumulates on the surface of the glsBs, and the resmous elec- ' 
tricity passes over to the rubber. 

d. The particles of one fluid have a strong attraction for 
those of the other ; J^ut the particles of the same fluid repel 
each other (on account of their perfect elasticity), with a 
force which is in the inverse ratio of the square of the dis- 

Hence the attraction which is manifest between two insulated 
bodies, charged with different electricities, and the repulsion be- 
tween two insulated bodies, under the influence of the same 
electricity. 

II. Dr. Franklin ascribes all electric phenomena to the 
agency of a single highly-elastic fluid, which is dispersed 
through the pores of all bodies, and, from some cause or 
othert moves through them with various degrees of velocity, 
according as these bodies are conductors or non-conductors 
of electricity. 

The electric phenomena are then explained thus : — 

a. When-the attraction which every body has for the elec- 
tric fluid is equal to the degree of force with which the par- 
ticles of this fluid repel each other, then no electric phe- - 
nqmena will take place, and the electric fluid is said to be 
in equilibrium. 

(. When a body is' exeUed, the electric equilibrium is' 
destroyed; one part of the excited body contains more, and 
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the other p8rt kUH, than ill ordinary share of elect^city. 
That part whi(!h contains more than its natural shkre of' 
electricity, i^ said to be positively electrified; the other, 
which bas'less than the ordinary share, is said to be n^a- 
tititly electrified; 

c An insulated conductor of electricity, brought in con- 
tact with a positively-excited surface, receives from it part 
of its surplus of electricity, and becomes, therefore, itself posi- 
tirely electrified. If, on the coiitrary, the same conductor is 
made to touch a negatively-excited surface, it will /osepart of 
ita own electricity, and thereby \if:c,omB negatively electric. ' 

d. When a poaitively-electrihed conductor, and another ' 
which is uegatively electrified, are brought near each other, 
the surpluB of electricity of the one rushes violently over to 
the negative conductor, and restores the electric equilibrium. ' 
This is generally accompanied by a fiash of tight (a spai^), 
and the other phenomena described in ^ 813, 314, pages ' 
238 and 339. 

REHAftK.' Dr. Franklin's theory explains all electric pdenom- 
ena'fullas well as Du Fay's. The only apparent difficulty seems 
to be in the repulsion of two-negatively-electrifieil bodieB ; fbr 
which porpose we must assume that the particles of a body which 
ate void of electricity repel each other, in tiie same manner as thcMe 
which are actually charged with the fluid. It ia on this acconnt, 
uid becauai;, according' to Dr. Franklin, the electric fluid must 
have the same attraction for aU bodies, that some modem philoe- 
ophera (sucli as Blot, Berzelius, Meiasner, Strommeyer, Tobias 
Mayer, &c.) still adhere to Du Fay's theory, aluough Dr. 
FrauUin'a theory, on account of its simplicity and elegance, ia, 
and justly deserves to be, preferred by most electrinaos. 



ELECTRICAL 

^ 330. Besides the electrical machine, there are yet 
a variety of other instruments for the purpose of es- 
hihiting the electric phenomena. Among these we will 
merely niention the following three : — the electric jar, or 
hey^n phial, the tlectricai battery, the electraphoTKS, and 
the condenser. 

21 • 
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^ 331. T^ Ekctrie Jar,<iT LegdeH Pkiia* (Fig. 17i), 

for the purpose of sccumulating large quantitiesofetectricit;. 

It codhibU of a jar or bottle, fwjvided oo both 

fig. tTI. Bides with a coating of tin-foil ; leavibg, how- 

^ • ever, a aufficienl space uncovered at its upper 

T part, to preveot a spoDlaaeous discharge (which 

^ might occur, if the two coatings were not en- 

^^^^ tirely separated from each other). A metallic 

^^^^m rod, rising two or three inches above the jar, 

^^^^1 and ending lo a h-ass bail, A, called the knob 

^^^H of the jar, extends through the cover, and b 

^^^H in contact with the interior coating. The 

^^^^P outer coating communicates with the ground. 

^ 333. When the knob is brought in contact, br.com- 
municates with the prime conductor of an electrical ma- 
chine, then the positive electricity, which is accumulated 
itthemrl&ce of the conductor, passes through the Icnob 
to the interior coating, whence its escape is prevented bj 
the tot«r*al of uncovered glass (a non-conductor), while 
the outer coating becomes, at the same time, negatively 
electrified. In this state the phial is said to be charged. 



trichy of the nibbei); but then the inner coating will be nega- 
tively, and the outer coating, positively, electrified. If the 
knob, instead of touc4inftbe conductor ofthe machine, is brought 
within its wtrikmg dislanrt, then a succession of sparks will 
pa«8 from the conductor to the knob ; and if the phial is ia- 
■ulated, and the knuckle, or any round conductor, be presented to 
the outer coating, the same number of spuks will be drawn from 
it, simultaneously with those of the conductor. An insulated 
phial, cannot be charged. 

^ 333. Ekctrie Ballery. When several electric jara or 
phials are connected together, aprodigious quantity of elec- 
tricity may be accumulated. They then receive the name 
of an electric batltry. (SeeFig. 172.) For this purpose, the 
'inner coatings must communicate with each other by metal- 



oonitrucled then phiali, in 1745. The diBOOTerj 
dentUly, by Von Eieirt, the 11th of October, 1745. 
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tion with each 
other, which is 
commonly ea- 
tablished by pla- 
cing the phials 
with their cov- 
ered bottoma on 
a sheet of tin- 
foil When this 
is done, the 
whole battery may be charged like a single phial. 

^ 334. Jointed Discharger. For the purpose of dfj- 
^^fgiffff <ii dtctricjar or battery, which ia done-by estab- 
lishing a direct communication between the inner and outer 
coating (between the positive and negative electricity), 
we make use of an instrument called the disrkarging 
rod, or jointed discharger. It consists of 
Fi». 1T3. two bent metallic rod8(Fig. 173), termina- 

Vting in two brass balls, and fixed in such a 
manner to a glass handle, that they mky 
be closed or separated like a pair of com- 
passes. When one ball touches the exte- 
rior coating, and the other is quickly 
turned towards the knob of the phial or 
battery, then a discharge is effected, ac- 
companied by a much greater spark and 
shock than can be obtained from the con- 
ductor of an electrical machine. The 
glass handle (which is a non-conductor) secures the perswi 
who holds the discharger from the effect of the shock. 

§ 335. Electric Circuit. To convey a whole charge of 
electricity through any substance or person, we must form 
an electric circuit, that is, we must place that substance or 
person between two conductors, of which one communi- 
cates with the inner, and the other with the outer coating 
of the phial. 
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A mnaber of persons nuijr receive the electric shock U the 
SMue time, by taking hold of each other^ han.ds, the last on one 
aide coroinuDicftUng with the inner, and the last in the other aide 
with the outer coating. , 

^ 336. Universal Discharger, An excellent instrument 
fi>r directing a charge of electricity with certainty and pre- 
cision, is UenUy's universal diseharger. It coDsists of two 
movable wires or metallic rods (Fig. 
Fig. 1T4. 174), terminating in little brass 

M balls,' and insulated by two glass 
columns, A and B. When one of 
. the wires is brought in contact 
with the outer coating, while the 
other is nude to touch the knob of • 
the phisl, then a direct charge is r 
sent through the body, which is 
placed open a little insulating (able, C, between the ex- 
tremities of the two wires. With this instrument a charge 
may be directed through.any part of a body with the great- 
est accuracy. 

& 337. The Ekctrophoms (iavented by Volta, in 177S') 

is an apparatus for collecting weak electricities. It con- 

' sists piinoipalty of three-puts, the electric, the 

Fig. nik sole, and the cover. ■ The electric is a cake of 

some resinous substance, such as sulphur; 

J sealing-wax, pitch, &c. This is meked upon 

^ the sole, A (Fig. 175), which is a conducting 

W ■ plate, provided with a rim to contain the cake. 
^^^ A The cover, B, is a round, metallic plate, with 
^^^■" an insulating handle.t All parts of the elec- 
trophorus must be smooUi and well rounded, to prevent the 
esMpe of electricity. 

§ 338. Effects and Management of the Ehctrophorus. 
The cake of the electrophorus ia first excited, by rubbing it 
with woollen cloth or fur; its electricitv (according to 

' Wilcke mads uee of a eirailar instramenl preiions to Volta. (See 
Momoi™ of the Swedish' Academy, Vol. XXIII.) 

f InttedoFaninnila^cglkHhuidle, the covet may be laiKdsnd 
plKed upon the cake by Iniee silk cords, which answer the pnltMSe 
. cqa^y well 
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what has been said, ^ 334) will be reeinous, or negative. 
Then the cover, lield by its insuUting hajjdle, is placed 
upon it; in which stale the cover does not actually touch 
the cake, hut is yet sufficiently near it to acquire, at its 

lower surface, the opposite (that is, the positive), and at its 
upper surface the same (lliat is, the negative) electricily. 
When, in this situation, the upper negative : surface of the 
cover is touched with the knuckle, or any metallic con- 
ductor thai communicates with the earth, a spark will pass 
from this conductor to the coter, to establish the electric 
equilibrium. If the cover' is now removed by its insulating 
handle, it is found to be positively charged, and its electrici- 
ty may be imparted to an insulated conductor, or a Leyden 
phial. This operation may be repeated a great number of 
times ; the negative electricity of the cake continuing sorae^ 
times undiminished fofseveral months. 

If the cover is raised without previously receiving a spark 
from some conducting substance, then it will exhibit no sign of 
electricity ; for in this case it will actually have received none, 
its electric state having been caused only by the vicinity of 
Ml' electrified substance. If the sole be insulated, a spark 
■naj be drawn from jt when the cake is excitsd; and if, when 
the cover is on the cake, the cover be touched with one'^nger, 
and the sole with another, a shock will be felt, similar in ef^ct, 
though of coarse weaker, than that obtained from a Leyden 

^ 339. The Condenser is another instrument for collect- 
ing weak electricity from a large surface into a small body. 
This was likewise invented by Vol- 
_ F^. 116. ta (1775). It consists of a small 

plate, A (Fig. 176), which is con- 
nected with the substance whose 
electricity we wish to examine. ' 
This is brought within a very 
small distance of another metallic 
plate, B, which communicates 
with the earth-. The small elec- 
tricity of the substance connected 
with the plate A, escites by induc- 
tion the .opposite state of electricity in B. The plat? B re- 
acts naw upon the plate A, and increases its capacity for 
raceiving electricity from the substance connected with it. 



Digilizcdt* Google 



9B&' HXcAicrrr. [CHif. i^ 

Thus a new quantity of electricity is accumalated in A, 
ithich again reacte upon the plate B ; and so does this mu- 
tusl action aod reaction conlimie, until an electric equilib- 
rium is established. If-lbe plate A is now separated from 
the electriBed sabetance, and, thus -insulated, removed from 
B, it is found bj the electrometer to be charged with positire 
electricity. 

The condenser and eUctrophoms have received various shapes, 
and have been modified according to the different tastes of elec- 
tricians I b|it the princi]de on i^ich these instriimenls are con- 
structed, is tbe same as that which we have stated. 



r ACCUMULATED 



^ 310. The electric fliiid chooses, on its passag;e, always 
the best C4>nductors, although they be more circuito.us i but . 
when different passages* ate opened to it through equally- 
good conductors, then.it always chooses that which is the 
shortest. , 

Thus, if a pecBon, holdiiur a wire between his hands, dischu-gea 
ajar by means of it, tbe whole of the fluid will pass through tbe 
wire, nithout affectina; him ; but if a piece of dry wood be sub- 
stituted for the wwe, he will feel a shi>ck ; for, the wood being a 
worse conductor ihan his own body, t1te_ charge 'will pass througii 
the latter, as beiog tlw easiest, although tfie longest passage. 
During its passage through the human body, Ihe shock is.felt ' 
only in those parts which are situated in the direct line of com- 
munication ; and, if iJie charge is made through a number of per- 
sons who taite each other by the hand, each wilt feel the electric 
shock in the same manner and at tbe same instant, the sensation 
reaching from hand to hand directly across the breast. By vary- 
ing the points of contact, tbe shock may be made to pass in dif- 
ferent directions ; and this may either be confined to a small part 
of a limb, or be made to traverse \,M whole length of tbe body, 
from. head to foot. 

^ 341. The velocity with which electricity moves 
through a conductor, has not yet been ascertained. In an 
electric circle of four miles ia extent', the shock is felt with 
the same intensity, and in every point simultaneously. 

Experiments of this kind hate been made in England, France, 
and Gemnjiy ; but Qxej aie far from being satisfactoryiand haT« 
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^ 342. When .the electric fluiil meets with an impedU 
meat to ha p&asage, either in a bad ooaductoT, or the inade- 
<|u<te size of it, thea both its velocity aod ita effect are di- 
juinished in propoctian to the degree of obstruction. In 
this esse, the electric fluid is oAea seea to deviate from its 
circuit, and to fly otF to better conductor, which it may 
find in the vicinity of its passage. 

^ 343. When the metaJHc passage offered to a stream of 
«lectricity is interrupted by small pieces of glass, or other 
lum-condHcting substances, small sparks are seen to pass 
through -all the interruptions of the conducting substance, 
Teaembling, through its whole extent, a contiQued stream of 
tight. 

This peculiarity in the motion of electricity explains aaiuoher 
(f experiments ; such as the formation of words and figures on a 
piece of glass on which fragments of tin-fta! are pasted, sufficient- 
IT near each other for the electric fluid to pass between them ; 
Ujl? .chain of light, acd.othei electiic«l toys. ' , 



EFFECTS OF BLECTRICITI UPON BODIES. 

$ 344. Simpk Aeeumulmtiou. The simile accumula- 
tion of electricity in bodies does not produce the least sensi- 
ble change in their properties. 

A person standing on an insulating stoot (with glass legs), may 
be charged with anj quantity of electricity fiom amachine without 
being in any wise anected hy it, uutU the electric equilibrium is 
destroyed by drawing a spark from him. Moreover, the electric 
floid ia accumulated only on the surface, and leaves the rest of 
the body in a state of perftct neutnJity. 

^ 34S. Charge sent throvgh a Non-Conductor. The 
unioterrupted passage of electricity through a conductor of 
sufficient size, does not produce the least perceptible change 
iQ the mechanical properties. ' But when a charge of elec- 
tricity is sent through a non-conductor, or through a con- 
dvctor of insufficient magnitude, then the body is often burst 
OT ^^t by the ic w j w naq rapidity #ith which the electric 
miid passes through it 
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The meelumieal effects of eleetrieity on noa*— 
■s which are id the line of its course, aie similar ta> 
thoae prodneed bj a aharp instrameiit driTen with great vio> 
Jence and Telocity through the subotance of a bodj. Uajay 
of the eflecta of electricitj, boweTer, seem to be the r&iah 
of expanuon, proda<^ by the heat, which, mcve or less, s^*- 
eompaaies aU electrical pbenoaaena. 



or TUK ELBCTKtCITT OP THX ATMOSPBBBX. 

^ 347. Eltetrieity of the Air. Out atmosphere is al- 
most continaall; charged with electticitj, rarying in qiun- 
tity and intensity, and fteqaentlychanging from the pomtiTC ht 
tiie negative state. It isatranger in the daj-time than during 
tbe night, increasing from sunrise till about 9 o'clock, and 
is weakest from 12 till 4 o'clock in the aftemcxKi. 

^ 348. The electriciljT of tbe air is generally poeitire, 
particularly in clear weather. On the approach of fog, rain, 
■now, or hail, it changes often from poBitire to negalive ; 
but afierwords ondergoea new transitions to opposite states. 
On the approach of a thunder-storm, these alternate states 
of electricity follow each other with surprising rapidity. 

Ma^ad of aacertaitung the Ekctricilj/ of Iht MmoMpkem. To 

discoTer the electricity with which the air is charged, a metaDie 

rod may be employed, raised to eonte eminence above the gnnuid. 

When Its lower end u insulated, it will show its elecbrical state 

Mr affecbng an electrometer, with which it must be connected. 

To iDvestL^ate the electricity of higher st»U of air, a kite may 

be (Bed, havmg in ita string a slender piece of wire interwoven. 

■A 349. Aualogy of the Electricity of a Levden PM^ 

with that of a Thunder-eloud. The analogy between the 

discharge of » Leyden phial and the electricity of a thun- 

dcoIaHv .iT'^.l'f*"^? observed by several philosophers, par-. 

^rSFrltr*''*^ "«"": but it was reserved for thi iio- 

of the eleci7^ a ^ P'"'"''' % '^'"'^ npertmetU, the identity 

ectrio floid with that of lightning. 

On an appfoo^i,- 

atMched a ke/? H^ Storm, m June, 1752, he raised a kite, 

•** "»e lower end of the hempen string, and in- 
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aulated the whole bj a dUk cord. Afler waiting for soma 
time, Dr. Franklin observed the bristling up of some of the 
fibres of tbe hempen string, and oD preMntiog the knuckle 
to the key, he obtained a spark.* ' Dr. Pranklin's discovery 

. i»by far the most important and practical applicatjoa of the 
whole science of electricity. Il led him'to the invention of 
the lightning-rod for the protection of buildings and resaels 
from one of the most dreaded agents in nature^ and explain- 
ed at once the most 'interesting phenomenon of meteorology, 
§ 350. Method of securittg Buildings from the Effeeti 
of Lightning. To secure buildings from the effects of light- 
ning, pointed metallic rods should be placed at least two or 
three feet above the highest part they are to protect. Their 
thickness must not be less than half an inch, and they ought 
.to be continued, loitkout interruption, into the ground below 
the foundation of the house, until it reaches either water or 
a moist stratum of earth. 

For the construction of li^htningrTods, copper is preferable to 
iron; copper being abetter conductor of eleclricity, and less liable 
to rtisL The poiats of the lightning-red ought to be gilt, or be 

' mado of platioa, to secure them from corrosion, Lar^e btuldinge 
require several rods ; for it has been found by experunents, that 
each rod protects only a circle i^hose radius is twice the height 
of the rod above the building. 



RE CAPITOL ATION. 



'F XLECTRICITT. ' 

Phtuottuna. 



[^ 313.1 What takes place when a piece of sealing- wax, 
or a smooth surface of glass, is briskly rubbed with a dry 
woollen cloth, and immediately afterwards held towards light 
and small bodies, suoh as'paper, thread, cork, &.c. t What 
do you call this property which some bodies acquire by be- 
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ing rubbed t W-bat do yon call the surrace, which thereby 
icqaires an attractive and repulsive power ? What do you 
call the bodies themsetves which produce these phenomena T 
What, the agent to which they are ascribed t 

What are the principal electrics? Why is the division of 
bodies into electrics and non-electrics no longer practicable ? 

[§ 314.] What lajies place if the experiments which 
you have just described are performed in a darkened room t 
What, if the- knue>kle or a ronnd metallic ball is presented 
to the surface 1 What kind of feeling is escited in the skin, 
if the face b brought neu it I 

[^ 316.] What lakes place when a metallic tube, per- 
fectly round on all sides, and either suspended by silk cords, 
or supported by a piece of glass or sealing-wax, is brouight 
aear or in contact with an excited surface-T What is the 
body, in the tirst case,' said lo be ? What, in the second 
case? Do glass, silk, and sealing-wax, brought in the same 
manner near or in contact with the excited surface, exhibit 
the same influence 1 

[^ 316.] What ue we, from this and similar experi- 
ments, led to infer I What- are conductors of electricity? 
What, non-conductors ? 

Whatare the principal condactors of electricity ? What are 
tiie principal non-conductora ? 

[§ 317.]. When is a body, which is capable of conduct- 
ing electricity, said to be insulated 1 

In what does the difierence between a conductor and a non- 
conductor principally consist P 

[§ 318.J What relation eiists between electrics and 
non-electrics, conductors and non-conductors of electricity ? 

[]§ 319.] Is the electricity, communicated by transfer to 
an insulated metallic body, for any constderiAde time perma- 
nent 1 What becomes of its electricity when it is touched 
by a conducting body which communicates with the earth t 

K 320.] What is the proper shape for a body which 
shall contain electricity for a considerable time 1 Why is a 
pointed figure unfit for this purpose J 

{% 321.] Whatare the [wiacipal pattoof anelectrical 
machine? 
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ilow is the beat m&chine for thii purpoM coBStmcted? 
[^ 322.] When you present the knuekle, or a,nj round 
conductor, tothe conductor of an electrical tnachine, what 
do you obtain?. What do you call thisspaikT What is 
the greatest distance at which a spark may be- drawn, 
called f 

What is necessary to produce these f^nomena to their fuUeat 
extent? Are the Bparka near the conductor greater or BmoUer 
^Wi tuther from it 7 



Opposite Ekctricity. 

' [^ 323.] To whom are we indebted for the discovery of 
opposite electricity 1 ■ On what phenomena and experimenl* 
is It establiehed 1 • 

[^ 324.] Wliot laws do these experiments establish f 

[^ 335.] What did Du Fay call these two kinds of elec- . 
.tricity T By what signs is it customary to denote resinous 
and Titreoua electricity t How may the general lawof oppo- 
ute electricity, then, be expressed ] 

When the rubber of an electrical machine is aJso provided 
with a conductor, whst kind of electricity will this conductor ex- 
hibit ? What will be the electricity of the prime conductor ? 

[§ 326.] Does the law, which you have just given, hold 
only of excited electricity, or does it also hold true of that 
*lectricity which is transferred from an Excited surface to 
another body I 

How may this be' shown by little pith'balls ? 

[^ 327.] What are the names of the iasti'uments whose 
conatruction is founded upon the repulsive power which one 
electrified body exercises upon another, which is under Uie 
inflnence ofthe%ame electricity 1 

How is Henley's electrometer constructed ? What other ad- 
vantage is taken of the attractive and repulsive power of oppo- 
site electricities ? . 

[§ 328.] What takes^ place when a piece of metal, 
shaped in the form of an S, and pointed at holh ends, is 
placed upon a pointed wire, which communicates with either 
of the conduct^sflf an electrical machine T What is ob- 
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served when this experiment is performed ia the dark? 
When a^ the eleciric phenomeaa generallf accompanied 
by light? ' ' 



TTieory of Ekctrteity. 

[^ 329.] How many different theoriea are' there' to ao 
count for the various phenomena of electricity 7 .Who are 
the authors of these theories T What is Du Fay'a theory 1 
What properties do the two electric fluids, which, -according 
to Du Fay's theory, pervade the earth and all bodies, pos- 

Hoff does Du Fay'a theory eiplaio "the vitreous electricity, 
excited by rubbing a piece of ginas? How, the attraction wbich 
ia manifest between ±wa insulated bodies, charged with different 
electricities p How, the repulsion between Ivfi insulated bodies, 
under the influence of the same hind of electricity ? 

To what agency did Dr. Franklin ascribe all electric phe- 
nomena t How are the electric phenomena, then, explained T 



Electrical Tnstrunients. 

[^ 330.] Are there any other electrical instruments, b&> 
sides the electrical machine, deserving of our notice t 
What are they 1 

[§ 331.T Wh^t does an electric jar or Leyden phial con- 
sist of? What do you call the knobof the phial ? 

[>^ 332.] What takes place when the knob is brought in 
contact, or communicates with the prime conductor of an 
electrical machine ? What is the phial in this state said 
to be? 

Can the phial be charged by connecting the knob with the 
negative conductor of the macbine ; that is, with the conductor 
of the electricity of the rubber ? What kind of electricity will 
tbua be imparted tothe inner cooling? What do you obtain, if 
the knob, mstead of touching the conlluctor of the machine, is 
brought within its striking distance ? What, if the phial is insu- 
lateo, and the knuckle, or any round conductor, is presented to 
Ifae outer coating ? Can an insulated phial be charged ? 



Digiiizcdt* Google 



electricity be accumulated? When several electric jars o 
phials are connected together, what name do they receive? 
What is necessary to establish, for this purpose, between the 
inner aod outer coatinga 1 When a communication is ee- 
tablisbe<) between the inner and outer coatings, how is the . 
whole battery then charged ? . . 

[^ 334^] How is an electric jar or battery discharged T 
What instrnment is used for this purpose? What does this 
instrument (the discharging rod) consist oft How is a 
discharge of a phial or battery effected by it? What is thia 
discharge accompanied by? What is the use of the glass 
handle, with which every discharging rod is provided t 

[^ 335.] What is necessary in order to convey a whole- 
charge of electricity through any substance or person t 

By vbat means con a nurnber of persons receive the, electric 
shock at the same time ? 

[% 336.1 By what instrument can a charge of electricity 
be directed with the greatest certainty and precision % What 
doea Henley's uttiversal discharger consist oft How is a 
direct charge sent through a body by means of this instru- 
ment! 

[§ 337.] What is t^e name of an apparatus for collect- 
ing weak electricities t By whom was it invented I What 
are its principal parts? What is the electric? How is the 
riectric combined with the sole 7 What does the cover of 
the electrophorus consist of? How must all parts of the 
- electrophorus be shaped, in order to prevent the escape of - 
electricity ? 

\i} 338.] By what is the cake of the electrophtirus first 
excited 1 What kind of electricity will it by these means re- 
ceive ? What kind of electricity do the upper, and lower 
surface of the cover acquire, when placed upon the excited 
cake ? What takes place, when, in this state, the upper 
(negative) surface is touched by the'knuckie, or any metal- 
lic conductor, that communicates with the earth ? If the 
cover is now removed by its insulating handle, with what 
kind of electricity is it ^nd to be charged ? What can be 
done with this electricity ? How many times may this ope- 
ration be repeated t. 
22' 
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How long does the electricity of the cake continue ? Does 
the cover e^ibit &iiy sign of electricit; when it is rtdeed without 
previously receiving-s spark from some conducting substance ? 
Why not ? Id what case can a spark be drawn from the sole ? 
What is felt, if, while the cover is on the cake, the sole is touched 
with one finger, and the cover with another? ' 

[§ 339.] What kind of instrument is a condenser ? By 
whom was it iiivented 1 Of what does it consist 1 What is 
the mutual operation of the plates, when one of them is con- 
nected with an excited substance 1 How long does the mu- 
tual action and reactionof the two plates of the condenser 
continue T If the plate which is coQnected with the elec- 
triiied eubstaace is now separated from it, and, thus insu- 
lated, removed also from the other plate, with what is it 
found to be charged? 



Motion of Aeeumulated Ehetricity. 

[§■ 340.] What kind of bodies does the electric fluid al- 
ways choose on its passage T What passage does it choose 
when several passages are opened to it through equally good 
conductors? 

Is a person, holding- a piece of wire in his hands, affected by 
the discharge of a Leyden phial? What will he feel if a piece 
of dry wood is substituted for the wire ? When accumulated 
elec^c Quid passes Ihroagh the-human body, is the ahock felt at 
the whole body, or only in certain parts ? in what line are the 
paria affected by the shock situated? If acbarirc of electricity 
is sent through a number of persons, who take each other by the 
hand, how and where will each of them feel the shock ? By what 
means can the shock be made to pass in different directions? 

[^ 341.] Has the velocity with which electricity moves 
through a conductor, been, as yet, ascertained ? How is 
the electric shock felt in a circuit of four mitea ? 

[% 342.1 How is the velocity of the electric fluid affect- 
ed, when It meets with an impediment to its. passage, either 
in a bad conductor, or in the inadequate size of it t What 
is the electric fluid, in this case, frequently observed to doT' 

[§ 343.] What is observed when the' metallic passage, 
offered to a stream of electricity, is interrupted by small 
pieces of glaae or other non-conducting substances? 
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What pbenomena does thia pecnliuity in the motion of n 
rnnlated electricity explsin ? 



Effect of Electricity on Bodies. 

\^ 344.] Does the simple accumulation of electricity in 
bodies produce the least perceptible chaage in their prop- 
la a person, standing on an inaulating stool, and, in this stat^, 
(barged witb any quantity of electricity from a machine, in any 
inannei' aOected by it, before a spark is drawn from him P Does 
the electric fluid spread through the -whole substance of a body, 
Vt does it merely accumalete -upon its surface ? 

{^ 345.] Does the uninterrupted passage of electricity 
through a conductor of sufScient size, prodiice any percep- 
tible change in its properties t But what takes place whea 
& charge of electricity is sent through a non-conductor, or 
through B conductor of insufficient magnitude T 

[^ 346.] What are the mechanlcaJ efiecta of electricity 
on noorconductorB, which are in the line of its course, simi- 
lai to ? To what other agent are raany of the effects of 
electricity attributed I 



Of the Etectriciiy of the Atmosphere. 

[^ 347.] With wh*t is our atmosphere ajmoat continu- 
ally charged 1 Is the quantity in which electricity exists 
in the atmoBphere, always the samel Is it always of the 
same (positive or negative) kind 1 Is it stronger in day-time, 
or during the night T During what hours of the day is it 
Mrongest ? When is it weakest I 

\fj 348.] With what kind of electricity is the air gene- 
rally charged in clear weather 1 When does it change from 
the positive to the negative state 7 On what occasions do 
these alternate states of electricity follow each other with 
iurprising rapidity T 

By what means may the electrici^ with which the air ia 
charged, be discorered P By what meaniq may th« electridlj of ' 
higher strata of ur be inrefltigated ? 
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[^ 349.] Who first proved, bj actual experiment, the 
identitj of the electric fluid with tlut of lightning ? 

(The teecber might here ask for the occasion which led Dr. 
Franklin to this discoverj.) 

[^ 350.] In what manner may buildinggbe secured from 
the eflect of lightning ? What ought to be the thickness of 
the roda, which are to be placed' upon the highest jtarta of 
the buildings they are to protect ? How far ought they to 
be continued I 

What metal is preferable to iron for the coDstmction of light- 
ning-rods ? Why ? Why ought the points of the lightning-roda 
to be gitt, or be made of platina ? Why do large bliildines re- 
quire aererai rods to protect them against the effects of light- 
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CHAPTER X. . , 



OF GALVANISM. 

^ 351. Electricity produced by Contact, Heai, &C. 
Although friction is the principal meajia of exciting elec- 
tricity, yet we Icnow from experience, that there aie other 
causes equally productive of electric phenomena, thougli 
more feeble in degree than those we have treated of in the 
last chapter. Among these we reckon heat, chemictd afiti- 
ity, and the heat which is produced by contatt. 

Different degreeB of heat affect the conducting power of 
Water; and it baa been said before, that ice at — 13° Pahr- 
enheit ia an electric ; consequently, a non-conductor of elec- 
tricity. Late experiments have proved that changee of tempe- 
rature produce aiuul&r effects in other substances. Glass, when 
red hut, is no longer an electric, but becomes a condactor of 
electriciCj. But the most striking instance of this kind is exhib- 
ited by the tourmaline. Thia is a stone hard enough to scratch 
glass, of various colors and forms, transparent when viewed 
across its thickness, and perfectly opaque in the opposite direc- 
tion. It becomes electric by heat, and, when in this state, affects 
iron -foil, and other metals, in a manner similar to that of the loid- 
Btone. (See Chap. XI. On Magnetism.) The electric phenom- 
ena produced by chemical agency, belong to a different branch 
of the natural si" 



^ 359. Explanation of the term Oahanism. The elec- 
tric phenomena produced by contact are so numerous and 
complicated, and have given rise to so many theories and 
conjectures, that it has become necessary to treat of them 
OS a distinct Bcieno«, which* from its author, Aloyaius Gal- 
vani,* is termed Galvanism. 

* Ur. AlovaiuB Oalvani, Prorosor of Anatomj in Bologna (bom 
1737, died Dec. 6, 17D8), was led accidenlallj to this discovery in 
1790. One of his pupils happened to touch the bare nerve of a frog, that 
had been recently skioiied, with the blade of a knife, while another 
>as tuming an electrical machinein its immediate neighborbood. 
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^ 353. Facta on tehtek the Theory of Oabitaurm de- 
pends. The two priDcipal facta on which the whole theory 

of gnlvaniam is eatablished, are these : — 

1. The contact of two metals produces in the one an ac- 
cumulation of positire eleciricitj, or -{- E, and in the other 
negative electricity, or — E. 

2. All tiling bodies are, through the medium of the 
nerves, more or less affected, when brought in contact with 
two heterogeneous metate. 

'^ 354. Effects produced on the Human Body. - Among 
the effects produced on the human' body by galvaniain, it will 
suffice to mention the following three ; — 

1. When any wounded place is. touched by two different 
metab, a very acute paio is felt as soon as these metals are 
brought in contact with each other. 

2. If a piece of silver is placed upon the wet end of the 
tongue, and a piece of zinc is placed under the tongue, and 
the zinc is brought in contact with the silver,' an acid taste 
is felt ; and when the order in which the metals are placed iit 
reversed, the taste becomes of a more burning and pungent 
nature. 

3. When one of the inetatsis placed against the rnoist cor- 
ner of the eye, while the other touches the gum of the low«r 
jaw, then, the moment the two metals are joined, a sensation 
oflight is felt in theeye, as if proceeding from distant iightnii^. 

The convulsioii ii^to whicb the leg of the frog wis Buddeiilj> thrown, 
and other similoi.eiperimeQts, sf&rwardB made bj Gahnni, apd le- 
peKted by others, W him to the ides that every muBcle of the animal 
body reeembied in rts operation an electric battery ; that the different 
Gbrea of which it cbnaials are eo muir electric isra, which ize cdd- 
tinuoily clmrired with electricity from the brwn, tluoiigh the conduct- 
ing powera of the nerves, &c. But this theory was soon afterward« 
e»|*>ded by ProfesaorVtila, of Pavia, whoproVedby eiperimenl,that ' 
the same convulBioDa :in the lege of ftoga and other ammala, may bs 
occasioned by touching the netve alone with two difierent melolB, aji- 
soon as ihesi mitalii thaasdiies are brought in contact with each other. 
Modern philosophers have gone further, and produced the aame phe- 
nomena with homoeinemis metals, by ^ving each a didWrent fcrm or 
polish, or ratjing their temperature. Baioo von Homboldt produced 
sudden convulaiona in the leg of a frog, with two piecea of meta] of 
the aame kind, by the mere breath of his moulh. See his interesting 
tiork " Tber die g^reizte Muskel und Neivenfaser." BerliD-Uid Po-. 
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Lod not by those who are near 'him. The phenomena, just de- 
scribed eiplttjn, in Home measure, why certain liquids, such as 
beer, sle, ■*ine, dtc, taate differently when drank oot of metallic 
. vessels, from vhatthey do when drank out ofglBsaea; why food 
prepaj^d and served up in metallic vessels or pkt^s, tastes not 
ad pore as when prepared in earthen vessels, and served up on 
china, &c. 

^ 35S. The influence of galvanic electricity on the bare 
nerves and muscles of dead animals, is manifest by the 
sudden convulsions into which they are thrown, when 
touched by different metals, which are themselves brought 
in contact with each other. Cold-blooded animals, particu- 
larly those which are amphibious, are more affected by gal- 
vanic electricity than quadrupeds or birds. *■ 

Galvani's eiperiment with the bare leg of a frog (see the note 
to page 361), can easily be repeated, by fbmiiug,& chain of con- 
'ducting' substances between the outside of the muscles and the 
ernral nerve.; or by placing a piece of zinc under the nerve o£ 
the leg, and a piece of stiver [for which purpose a small com 
maybe used] upoi) the muscle. The moment ihe zinc and the 
silver are connected by a conductor, say a piece of bent wire, the 
whole of the leg is thrown into violent convulsions ; but if the 
connecting substance be a non-conductor, for instance, a piece 
of bent glass, no such phenomenon will take place. 

§ 356. VoUaic Pile. The electricity produced by con- 
tact can be much increased, and its effects be rendered 
more visible, by an apparatus which, from its illustrious in< 
ventor (Professor Volta), is called the Voltaic 

FiX' ITI. nffc. It consiata of a number of silver coins 

I (of the size of a dollar), and an equal num- 
ber of pieces of zinc, of the same form and 
dimensioDs. Between each pair of these met^ 
als is placed a piece of wet card or cloth (a 
conductor), of somewhat less dimensions 
than the metallic plates. Great care must be 
taken to preserve throughout the same or- 
der, viz. silverr zinc, wet cloth^^silver, 
zinc, wet cloth, &c. ; so that the two ex- 
tremities of the column may contain differ- 
ent metals; one end silver and th^. other 
zinc, as may be eeen from Fig. 177. (S, Z, 
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respeetitely, ataad foi silver- and zinc, and W br wet cloth 
oTcard.) These eada are called the po/es ofthe pile; oneis 
called the silrer pole, and the other the zinc p<Je. 

Instead of sLtver, capper maj be asei, by vhich means the 
pile becQiBeH less expensive. If the pile is to produce the de- 
sired effect, there ought not to be leaa than 50 pairs of plates, 
and the cloth or card ought to be wet with a solution of salt, 
which greatly increases its conducting power. 

^ 357. Voltaic Battery. . Several voltaic piles may be 
connected with each other, ao as to form a voltaic baUerv. 
This is done by es- 
Fit. 179. tablibhing a direct 

metallic com raunica? 
tton between the last 
plate of the one and 
the first of the next 
pile ; this is coo-, 
neoted in .the some 
manner with the 
third pile, and so 
on, obserfing- always 
the same order of suGcession in (he plates, as represented in 
the figure. fThe dark lines represent the silver or copper 
plates, and the light lines the zinc pialea.) The two ex- 
tremities, A and B, of the battery, are again called the sil- 
ver and zinc pole of the battery. 

§ 358. Experiments made with fje VoUmc Pik. The 
most remarkable experiments that can be m^e with the 
voltaic pile or battery, are the following : — 

1. If each end of the pile is provided with a piece of 

wire, and both are seized, one with the right, and the other 

with the left hand, an involuntary trembling motion is felt, 

tehich contitiues as long as both wires are hud. 

The e^ct of the voltaic pile upon the nerves may he moch 

increased by wetting I ' ' ' ' 

into a sepsrate basin c 
basinji. 

S. When the silver or copper pole commuDicates vrith (he 
earth, and the zinc pole is connected with a good electroin- 
eter \% 3S7), it shows positive elecUicity, or -|- E ; but 




voltaic pile upon the nerves may he moch 
g both hands, or by conducting each wire 
1 of water, and putting the hands into the 
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when the zinc pole conimunicatea with ine earth, and the 
' copper pole is connected with the electrometer, then this will 
show negative electricity, or — B. For this reason U the 
zinc pole called the positine pole, and the copper or silver 
pole ia called the negative pole of the pile. 

3. A small electric jar (^ 331) may be charged with 
positive or negative electricity, according as the zinc or cc^ 
per pole ia connected with the knob, while ibe other com- 
muDicales with the earth. 

4. A condenser (§ 339) may be chu^d wkh either elec- 
tricity. 

5. When the wfre of the zinc pole ia brought in contact 
with the wire of the copper pole, an electric spark ia ob- 
tained, of sufficient intensity to ignite pbosphoriieor sulphur, 
or to consume a small piece of gold'teaf. 

6. When both wires (which, for ttiia purpose, most be <J 
platina or fine gold) are condiKted into a glass tabe, which 
IS filled with distilled water, the water becomes decomposed 
into its chemical compounds : the silver or copper pole dio- 
engages hydrogen, and the zinc pole, eiygen. 

In general, it may be remarked, that the chemical operatioiw 
of the voltaic pile are greater uid more intense than its jne- 



Modem Discoveries. Among the modern di>- 
n the subject of galvanic electricity, the most to- 
markaUe is, that the effects of the voltaic pile oD the ani- 
aal body depend chiefly on the number of plates that are 
employed; but the intensity of the ^ark,«ad its chemieai 
agencies, increase more with the s£w of the plates, than 
. with their number. 

Trovgh BtOtery. Instead of eepanting each pair of plates of 
, the voltaic pile, b; a piece of wet card or cloth, a liquid (commoo- 
. \j a saiine solution) ma; be employed for that purpose. Such 
■ tix apparatus receives, then, the name t^ a trough battery. There 
are various ibrms and ways of constructirg it One is represenl- 
ed in the following figure. A represents a trough, made of 
hard wood, or wedge-wood, with partitions of glass, which di- 
vide it into several cells. The platea,B, siefitteu to these cellL 
and are connected together by a slip of wood, so as to admit of 
being let down and lifted up .together. An apparatus of this 
23 " . 
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f Fig. 179. kind is, in its chemi- 

cal .operations, far 

B more powerful tli«» 

a simple galTsnic 
pile; butita UBeaaad 
applications cannot 
be described in an e)- 

, natural pbilosoph;.* 

Attempts have been 

voltaic piles without 
the assisUmce of li- 
quids, by means of 
* layers of gold and 

silver paper.t The 
efioct of such piles remains undiminished for several years ; but 
their chemic^ operatioa cootinues weak. 

Advantage has been taken of these piles to censtructa sort of 

electric perpctvum nufrilt. It consists of tiro_piles (see the figurej, 

whose poles are inverted, so that if the pon- 

Flf. ISO. Uve pole of the firtt pile is at the top, it is, in 

Mlheljther pile, at the bottom ; and in a similar 
Planner are the negative poles disposed of. 
Between the two piles is a pendulum, sus- 
pended nearly in its centre of gravity, and 
provided on both ends with litue [nth-balla. 
When the pendulum is set in motion, both 
balls are at first attracted by the two positive 
poles, A and D (wluch situation is represent- 
ed in the figure). But as soon as both balls have the same (pori- 
tive) electncity, they are repulsed, and attracted by the negative 
poles of the pilev: from tjieae they are again repulsed, and at- 
tracted by the positive poles ; and so on. 

[Such an electric pendulum is in the Polytechnic School of 
Vienna ; and it has been known to continue its operation without 
interruption for seveial years4) 

1 r«mBrkd>le phenomena aie d«acribed in Benelios'a 



[er, (uui ut LitK. 

m Kotnral PhiloMphy, Vol. 1. 1 SIB 

Phydk. Wien bey Q^ld.) 
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THSOET aF.S4[.TAMIC ELICTRICITT, AND TBE VOLTAIC FILX. 

(It is to be observed, that the phenoEaenB of the voltiic pUs, 
nnd the troufh batterj, ore ■■ jet far from beintf latbfactorilj 
explaiaed. The opinions of the boat chemists and philosopheia 
of our time, are, in this respect, at variance with each other. 
There are, consequently, but few general tacts acceded to b j all 
parties } and only theae can f<»m part of an elementary treatise.) 

§ 360. Tkemy of the Voltaic PiU. There are eTident- 
ly two kinds of conductors of electricity : — 

1. Exciteri ; which, although they oppose no obstactes to 
the passage of electricity, disturb the electric equilihrium, 
when brought in contact leitk one another, ao that, in tbig 
CBM, one becomes always charged with -f- E, while the 
other receives the opposite electricity, or — E. 

3. Mtre conductors ; such as afford a parage to electri- 
city, -without disturbing its equilibriuio. 

Metals are the principal exciters of electricity. The fol- 
lowing table shows their galvanic relation to each other. 
Bach metal, namely, when combined with one which pre- 
cedes it in t|ie series, receives -|- E ; but when combined 
with one Ibat comes after it, dien it receives — E. 

SILV8R. TIN. 



Prof. Ermui, of Beiiin, has latdy discovered a third kind of 
conductora, which he has caQed lati-polar conductors. Tbey con- 
duct only one kind of electricity, and insulate the other, Drj 
■oap, for instance, conducts 4- E, and insulates — E. The dame 
of pbosphorus conducts — K but inaulatea -j- B. With such 
conductors, no galvanic pile cui be discharged ; but tbey a; 



' ^ 361. The different properties of exciters and mere 
conductors of electricity, stated in the preceding section, 
will enable us to explain the operation of the voltaic pile in 
the foHowyig m&nner : — 

* Be»eIiiu'B Cbeipiatf;, Vol. I. p. 124. 
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1. When there is but one pair of noiMnautated metals, eaj 
zinc Mid copper (the ooppet belovt, and tbe ziiic ftlMte), 
theo the zinc will receive -|- E, and the copper — E, from 
the contact. 

2. If a mere conductor (such as wet card or cloth) be now 
blaced upon the zinc plate, and 3 new pair of plates upon 
this conductor, then the wet conductor will afford a passage 
to the -)~ E contained in the zinc pkte of the first pair. 
Hence the second zinc plate, which, in contact with copper, 
tniist receive a surplus of -j- E, will contain a greater quan- 
tity of positive electricity than the first zinc plate ; while 
the second copper plate, in consequence of an accession of 
+ E from the wet conductor, will have leas negative e!ectri- 
feity than the first copper plate. In the same manner the. 
pile may be continued ; and it is easy to show, that each^l- 
lowlng zinc plate must contain a greater quantity of positive 
electricity than its immediately preceding one, whereas the 
negative electricity diminishes ftom the twttom, npwH-ds, » 
that the lowest coppei plate contains the most — E, and the 
highest zinc plate the greatest quantity of-|r E, It is foi 
this reason the two extremities of the piles are called M 
foies. 

3. If the lowest copper plate conamuntcates with the floor 
{as we have supposed in our explanation), then the electrici- 
ty of the pile will contipue J)y a continued accession of elec- 
tricity from the earth. If, on the <;ontrary, the pile is insu- 
lated, then the qu^intity of electricity does not increase, but 
the greatest positive electricity will be condensed at the top, 
and the greatest negative electricity is at the bottom. 

'4. When both poles of the pile communicate with the 
earth, then a continued motion of electricity must ensue, 
from the bottom of the pile upwardsto the zinc pole, whence 
it is again conducted to the earth. 

5. Galvanic Circle. If the two poles of the pile commn- 
nicate with each other by soihe conducting substance, for 
instance, a piece of wire, then a galnanic circle is formed ; 
diat is, the positive electricity passes from the bottom of the 
pde to the zinc pole, and thence, by means of th^ conduct- 
ing substance, again to the bottom of the pile, then again tp 
the zinc pole, and so on. 

Those who believe in the existence of two distinct electric 
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8mdi, are of tfpinioirth&t two aepante electric Btreams produce 
tlie phenomeoa of the voltaic pile ; that these streanu take op- 
posite directioiui, the poaitit^ fluid moving apwarda through the 
sine pole, &nd the negative fluid downwards through tha copper 
p«Ie, both Btreams meeting each other in the circle. Whichever 
of the two theories is the correct one, it is certain that the phe- 
nomena of the voltaic pile cannot he satiBfactorily accounted for, - 
b7 the mere laws of etectricity. A great deal leenu to depend 
upon the conducting liquid, which, by the agency of the pile, be- 
comea decomposed. It is also worthy of notice, that the plates, 
of which the pile is composed, become theniselvea oxidated, and 
that the eflbcta of the pile become more eneigetic in proportim 
*S the process of oxidation is poing on more rapidly. 

The farther extension of this theory belongs to cheouatry'. 



PHENOUKKA. 

^ 362. A peculiar electric effect is piodaced by a cer- 
tain kind of neb, when they are touched at two different 
places of their bodies. The shocks thna felt are aimilsr to 
those obtained from a Leyden phial, or an electric battery. 
(§331, and 333.) They do not, btiwever, aSect an e)eo- 
trometer ; neither has it as jet been possible to elicit sparks 
from Ibem. 

To this kind of fish belong 

The Gymnotna Elactheoa} or Electric Eel. 

The Raja Twoedo. 

The SiluniB Eaectrictu. 

The TrichiamB Indicus. 
^ 363. When these fishea are placed upon metallic 
dishes, or touched on two sides of their bodies by pieces of 
metal, they lose the power of producing shocka, because the 
discharge of electricity follows the best conductor, namely, 
the metal.* 



■ See Benelina's Cbemiaby, Vol. I, page I3>. 
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RECAPITULATION. 

Of Oaftftmism. 

[^ 351.] Are there, besides friction, any other means 
of producing electricity 1 What are they 1 

Do different degrees of tempersture affect the conducting power 
ofwEiter? At what degree of temperstuie does ice cease to be a 
ConductoTr and become an electric? Are there any other aub- 
■tonces upon wluch changeB of temperature produce similar ef- 
fects? Give instancei of this kind. What hind of stone is the 
toumidine ? What property does thia atone acquire by beat ? 

[§ 352.] What is that Bcience called Which treats of 
the electric phenomena produced by contact 1 Who was the 
author of gdvaniam I 

[^ 353.] What are the two principal facta on which the 
imoie theory of galvanism is established ? 

[^ 354.] What are the eSects produced by galraniam 
on tne human body? 

Is the sensation of light, produced by the contact of different 
jnetUs, felt also by other individuals, or merely by him'who per- 
fomw the experiment? What phenomena are explained by the 
effects of galvanic electricity on the body ? 

[^ 355.] How does the influence of galvanic electricity, 
on the hare nerres and muaeles of dead aoimala, become 
manifest 1 Are cc^d-blooded animals, or quadrupeds, and 
birds, moat affected by galvanic electricity 1 

Describe Galvani's experiment with the bare leg of a frog, 
"■What takes place, when, in this experiment, the linc and silver 
we connected by a conductor, aay a piece of wire P Is the ume 
"phenomenon produced when a piece of glass is substituted for the 
wire? 

[•^ 356.] By what apparatus can the electricity produced 

by contact be much increased, and rendered risible 1 Who 

- was the inventor of this apparatus? Ofwhat does it consist t 

Wbat care must be taken in its construction 1 What are 

the ends of the voltaic pile called 1 

What metal may be substituted for silver in the construction of 
a galvanic pile ? If the pile is to produce the desired efibct, of 
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bmr many plftte» oaght it, at least, to eotmat ? By wliat meua 
can the condacting poner of the cloth or cord b^ increased F 

[^ 357] When gcTeral voltaic piles are connected with 
each other, what are they said to forml By what meaos is 
this'conneottixi effected T. What are the two extremities of 
the battery called 1 

[^ 358.] What are Jhe moat remarkable experiments 
that can be made with the Toltaic pile or battery 1 

[§ 359.] What ia the most remarkable modern diaeoT- 
■ery on the sabjeot ofg«lv(tntc electricity 1 

If, iB^te&d of separating each pair of plates of a voltaic pile hy 



apieoe of wet eard or cloth, k liquid (a saline solntion) is employ 

what ia the apparatus so constructed called ? Describe sucn an 

apparatus. Is the chemical operation of the trough batteiy 



greater or less than that of a simple galvanic pile ? Have any 
attempts been made to cosatnict mdtaic piles without the assist- 
ance of liquids ? Of what do such pil^B then- consist ? How long 
'dms the ^eot of sOch piles continoe F What do you know eboat 
. their cheBiioal' operation ? Can you describe the perptlitwn mo- . 
■bile which is constractadfay means of two such piles F How does 
it operate ? 



Theory ofGahanic Electricity and the VoHfac File. 

c.[^ 360.] Hew many Afferent kinds of con<iaetors of 
electricity are there ? Wtiat are they 7 What bodies are 
the principal exciters of electricity T Do you recollect a 
series of metals, in which each receives -f- B> when combined 
with one that precedes it, but — E, when combined with 
one which comes after it ! 

What kind of conductora did Prof. Erman, of Berlin, lately dis- 
cover? Which kind of electricity does dry soap condnctP 
Which does it insulate p What kind of electricity does the flame 
of phosphorus conduct ? Which does it insulate F Can a ^• 
vanic pile be discharged with a uni-polar conductor of electnci- 
ty P What, then, can such a conductJir be used for ? 

[§ 361.1 How do the different properties of ejtciters and 
mere conductors of electricity enable you to explain the op- 
eration of the voltaic pile? (3.)* Is the electricity of we 

■ Tlie qaestioiis maiked (3), (4), (5), refer to page 68, 3, 4, 6. 
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pile iaereifled or dimiBHhed when tbe lowest copper plale 
coBHimicatea with tbe floorl Wbit takes [Jace when the 
pile ii i— nliirrt T (4.) Whet t«kea place when both pedes 
of the pile coduniuiicate with tbe earth T (6.^ What is 
fimMd when the two pdee of the pile canHDonicate with 
eack other bj Hime coadacting Bubstance, lor iosfuice, A . 
piece of wire ! 

How do those pluloxqihen, who beliere ia the existence of 
two distinct electric fluids, •ccoont for the phenomena of the 
*altue pile? How ia tbe CMidDCliBf liqnid affected hy tbe 
atencj of the pile ? How are tbe pU& themselTea affected P 
jSo tiie eflawts of tbe Tcrftaic pie become weaker, ch ntote ener- 
getic, as the pro c ess of laidaboniB going on more la^dlj? 



Orgatu-Eleetrie FkmomeMo. 

[^ 302.1 What prapertf is poss e ss e d b; a certain kind 
of Mb T What are the shocks, which are felt when thej 
are tooched at two difierent partsof their bodies, ainular U> t 
Do these fishes afiect an electrometer 1 or bas h been possible, 
as jet, to draw anj qwrks from them T 

Canyon tell tbe names of tbe fishes which belong to Qke hand 
joD bare jnst deacribed ? 

[^ 863.] When do these fishes lose the power of jm- 
daemg shocks 1 What is die reasm of it t 
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CHAPTER XI. 



OF MAGNETISM. 



^ 364. Among the black iron ores which contain iron in 
a f«eble degree of oxidation, there are pieces which possesa 
the wonderful power of attracting metallic iron, Hometimea 
in considerahle masses. These are called native magnet^, 
or loadstones. The same power, however, may be commu- 
nicated to iron and steel by a variety of processes, whicA 
we shall become acquainted with hereafter. These axe 
then called artificial magneta. 

^ 365. Besides iron, there are yet two other metals — 
nickel and cobalt — which participate the magnetic proper- 
tiles; and, according to the latest discoveries (made hy Coa- 
lomb), aU solid bodies we susceptible of raagnelie influence, 
but in BO feeble a degree that it is perceptible only bj the 
nicest eiperiments," 

Native mspiets are fbuad in various parts of the worlfl, par- 
ticularly in tSe iron tnirres of Sweden and Norway, in di^reni 
parts of Arabia, China, Siam, and the Philippine Islands : mora 
veldom, and in smaller masses, in England and Germany, 



A. — RELATION OF NATIVE MAONETe TO VNHAaNBTIO IKON. 

^ 366. Metallic iron and black iron oxide (none other) 
adhere to native magnets with considerable force. 

This power, which may be measured by weight, does not de- 
pend on the size, and ia variable in one and the same magnet. 

" Bee Gilbert's Amials of Nat. Philosophj, Vol. IV. pure 1-, Tdl 
V. p. 384 ; VoL XI. p. 367 ; Vol. SII. p. JW ; Vol. LXlVTp. 306, 
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^ aST. Palu tf ikt MagMtt. The mignetic power does 

■M operate with equtl ioteneit; in all points of the suriae«. 

^%ere are in etrerj magtiet two places, ia which its attractive 

power b greatest. These aie called the poUs of the magnet. 

Tbey maj be made visible bj layiiie the mft^et in iron-filinga, 

which will adhere ■tronger to the pMes than to any other place. 

(B«e the fi^re.) A 

Tig. in. thin piece of iron will 

. . . adhere HfjMiuliraiar- 

:o the aurfiu^e of 

other place, it will 
have a poMtion in- 
clined to the poles ; 
and in the middle (the 
point which is equal- 
ly dirtant firan both poles), it will remain horizontal, that ia, par- 
dM with the magnet. 

\ 368. When both poles are made to c^erate at the same 
time on a piece of iron, the magnetic attraction is incieased. 

Hence it ia cuatomary to give artiGcial magnets 
the shape represented in the adjoining figore. The 
two poles of the magnet are then in the same hori- 
umtal line, AB. Upon these is placed a piece of 
malleable iron (commonly called the orawiture of 
the magnet), which otay then be charged wiib aa 
many weights as the magnet will draw. 



% 



^ 369. Lam of Magnetic Altraction. The attractive 
power of the magnet manifesta itself not only in contact, bat 
also at consideraole distances; and it has been proved, that 
the general law for the attraction of gravity, the pr<^agation 
of soaDil, of beat, and light, holds true, also, with regard to 
the magnet; that is, the magnetic power is in the iovene 
ratio of the squares of the disi 



"ophyj 
i. lll.i 

Digiiizcdt* Google 



0«AP. XI.) MAaMETlSH. 275 

^ S70. When anative magnet iepIacedundeTsplateof 
gtasB, Wood, pasteboard, or even metal, which is thinly cov- 
ered with iroD filings, these filings will form tbemselves into 
curFs lines, which will appear to emanate from one pole, and 
to enter into the other. 

This experiment proves, that the magaetic influence is not de- 
stroyed by the interposition of mother sBbstance, with the ezcep- 
tioQ of icoD, which, according to its position, either increases or 
dinunisheB the operation of the magnet. 

^ 371.. The power of a magnet is preserved, sod even 
increased, bj letting it continuallf draw as much weight u' 
it ifi capable of bearing. 

Small loadstones ma; be kept in iron-filings. Oxidation $- 
minishes the attractive power of the tnagneL Great beat de- 
stroys iL 



B.-^RELATION OF i 



^ 372. Polarity of Magnets. When a magnet is so 
flitttMed that it can move freely in a horizontal position, 
then it will dways place itself in a determiDed direction, one 
of its poles pointing to the north, and the other to the south. 
This wonderfiil property is called the polaritg of the magnet. 



Upon this proper^ of the magnet is founded tiie c 
of the mariner's cnupass, which, on account of its utility in navi- 
gation, is of univenal interest to maakind. Its inventor has not 
as yet been precisely ascertained, but it is certain that its inven- 
tion and use can be traced back to the thirteenth or fourteenth 
oentary. The ancients knew only the attractive power of the 
magnet. 

^ 373. Relation of one Magntt to another. Onemagnet 
attracts another magnet stronger riian it does iron ; but, in 
certain points, they seem mutually to repel each othef ; and 
it IB found b; experiments, that the northpole of one magnet 
attracts the south pole of another, and vice versa ; but that 
tM two north poks 9r the tieo south poles r^el each other. 



D,g,l.2cd|v,G00glc ___ 



nk tur OBf be euilj exhibited bf pUcing a msgnet neariv - 

iHtimBtal]; opon a pivot, so that it can freely move upon it 

In tbia eituation, its south pole wil] 

fij— , i§5, fbUov the north pole of aaothei 

ms^et, but recede from iti 9oath 

S Jf iS pole. The two poles which thna 

" ""^^^^ mntuilly attract each other, 9re 

by aome philosophers called the 

fritndlji pola, wlule those which 

seem to repel each other, are called 

the MtiMGoi polet of the magnet. 



X 



IHTAITINe OF KAaNBTISM. 

^ 374. MeAadi of maJdng Artificial Magnets of Ir€M 
•r Sted. This is doDe in three ways — by the single toueM, 
bj the doable tonck, and by ptrcmnon. 

^ 375. Method by single tonek. 

1. For this parpoee, a bar of iron is laid flat on a tabl& 

and a magnet, alright angles, slid serer^ 

n*. 18*. times along its surface. In this operation, 

care should be taken to slide the magntf 

always in the sune directioo. 




. When /no magnets are employed, the efiect is tf«U 

« powerftit. The two magnets are placed, with their 

diaaimitar poles in contact, upon 

Pig. IBS. the middle of the bar, C, that is 

to be magnetized. (Seethe figure.) 

They are then drami in opposite 

^ directions (one towttrds B, and 

^ the other towards A). When »• 

rived at the two extremities of the bar, the; should be par> 

pendicularly removed to a considerable distance, then ag^ 

joined with ibeir dissimilar poles, and placed upon tb^ H)i4' 



t, Google 



OHAP. XI.] 



2W 



_^-^_ 



die of the bv. Tbis- operation muM be repealed severtl 

times on both sides of the bar. 

3. A tbird method of communicitiDg mignetiani bf the 
. Mingle touch, and the most eflectual of all, is to place two 
bars, which are to be magnet- 
P^. IM. iied_ parallel to each other, 

and to connect them bj two 
shorter pieces of soft iron, I, i, 
80 that tbe whole forms an 
oblong. (Seethe figure.) The 
north and south poles of tbe 
magnets are again brought in 
. contact over the middle of 
the bar, and inclined so as to 

make a right angle with each other. The remainder of the 

operation is then similar to that described in No 2.* 

~ ^ 376. Method bj double touch. The bars, A, B, C, 
19, E, which are to be magnetized, must be of equal size, 
and are placed in a 
Tig. lOT. straight line, in con- 

tact with each other. 
(S^ the figure.) 
Two mafnets, or 
parcels of strongly- 
magnetized bars, M, 
AH %j If It m, with their poles 

reversed, are fixed, 
parallel to each other, at a diatance of about a quarter of an 
mch. These are placed perpendicular to the line of bars, 
and, in this situation, slid backwards and forwards on both 
■ides of the bars, until a sufficient effect is obtained. 

This method, which was first published by Hitohel, of Cam- 
bridge, in 1750^ has since been improved \t^ Canton, ^pinus, 
Biot, Coulomb, and others. Tbe principle is nearly the same 
in all. 

^ 3T7. Method by percussion. In tbis case, the steel 
bars are best formed into paraHelopipeds, or right-angled 
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IffiamB, They «re then inolmed nearly, vertically, the lower 
ends devisting to the north, and, in this position, struck seve- 
ral times with a hammer, by which means :they will acquire 
all the }»'opertie8 of a magnet 

When, in this roanner, the steel bora are hammered upon sofl 
iron or steel, their magnetic pon'er is founi) to be much greater 
than if they are hammered on vood or any other substance. 

^ 378. The general law, which is observed in makinir 
artifioial magnets, by any method whatever, is this : — Ea^ 
extremity of the magnetie bar beetmus tht opposite pole- to 
that leith wMch it is last touched. Thus the extremity of the 
bar which is touched by the south poleof the magnet, becomes _ 
the north pole of the artificial magnet; while that •extrem(> 
ty which ia last touched by the north pole of the magnet, 
becomes the, south pole of the bar. 

Bofl iron is Boooer magnetized than steel ; hut the magoplic 
power conunumcated to steel is more permanent than in iron. 

^ 379. The magnet which is employed in magnetizing 
a steel bar, loses little or nothing of its own power. Thus, 
with one magnet, a number of bars may be magnetized, and 
then combined together, by which means their power may 
be indefinitely increased. Such an apparatus is then called 
a magnetic magazine. 

^ 380. Communication of Magneftna by Induction. As 
long as a piece of iron is attached to a magnet, it is itself 
magnetic, and attracts other iron or steel. In this case, the 
iron is said to be magnetic only by induction ; and it is to be 
observed, that this magnetic power disappears almost en- 
tirely aa soon as the magnet is removed from the iron. 

§ 381, The law of magnetic induction is similar to that 
of electricity. And it is easy to prove, with a magnetie 
needle, that the south pole of the magnet excites Ihe north 
pole, in that end of an iron bar which ia in its imme- 
diate neighborhood, and the sonth pole at the other extremi- 
ty, which is most remote from it ; so that each pole of the 
magnet communicates the oiq>osite state of magnetism to the 
neighboring iron. 

^ 383. This law, being perfectly similar to that of elec- 
tricity, has led some pbilostqibers lo think that n 
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and e]«9tricitj origiaate from the same caaM, or are,' at least, 
manifeatatioDS of the same power in nature, although Frank- 
tin and others aeetn to baie been of a different opinion .*- 

^pinus supposed all magnetic phenomena to proceed from a 
single fluid, whose particlee mutually lepel sacb other, but have 



a strong attraction for iron and slael. This fluid is every wbcM 
in perfect equilibrium. Iron and black iron oxide are filled with 
it, but the fluid is throughout equally distributed in them. In 
nkagnet, on the contrary, there is a surplus of the fluid on one 
aide, and a deficiency on the other. The surplus of magnetism 
he calls -|-AI, and the deficiency or wont of it he calk — M, 
&,c. The whole theory is analogous to Dr. Franklin's theory of 
electricity. ,(See § 329, pace 244.) - 

Wilcke and Bragman belieTe in the existence of two magnetic 
Ituids, which have great attractun foi' each other, butthe poli- 
cies of eithei fluid repel each other. In iron they are coinbinsd 
together, and in Uua state produce no magnetic phetiomena. In 
magnets, on the contrary, they are aepar^d : one fluid accnmu- 
lat«s at the. north pole, and the other at the south pole, &.C. 
(Compare thia theory with Du Fay's theory of electricity.) 



or THE TAKIATION AND DIP OF THE HAONBTIC NBIDLB. 

^ 383. When an unmagnetic iron needle is poised in its 
centre, upon a s)iarp point, bo that its position is perfectly 
horizontal, and it ia afterwards magnetized, then, in moat 
places, it will not exactly point to the north, neither nrill it 
remain in its horizontal position; but its acquired sonth 
pote will considerably inpline to the horizon, forming gen- 
erally an angle of about 7 degrees. The deviation from due 
tH^rth, is by mariners called the declination or variation of 
the compass; the inclination to the hocizon is called the dip 
of the magnetic needle. 

^ 384. Variation of iht Con^ass. The north pole of 

tiie compass deviates, in England and throughout Europe, 

' from about 16 to 18 degrees westwud. These deviations 

become smaller the farther we go to the west ; and through 

* See Franklin'i letter in Sicraud de Is Food Frteis hiitotiqns el 
•^etimenta) dea FketuKainei SBotriqnes. Paiji, 1781. 
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America and the Gulf of Mexico goes a line, in whii^ tbo 
Gompaas poiats exactly north. This line m catted the Hm 
of BD variation. Beyond this line the 'deriatioD is to the 
eastward. 

The hne of deviatkin aeenis to fbnn a great circle, beginning 
westiTBrd of Baffin's Buy, crossing the United States, and passing 
aloDg the Gulf of Mexico, BraziSs, and the South Atlantic Ocean, 
U>wM^ the south pole. It reappears in the western hemi^bere, 
south of Van Diemen's iMii, passes across the western part of 
the AusaaJian conthieot, and divides, in the Indian Archipelago, 
into two branches; one crossing the Indian Sea, Asia, UiDdos- 
tan, Persia, Western Siberia, Lapland, and the Northern Sea ; 
the o^er, taking a mare northern course, trmersing China, Chi- 
nese Tartary, and Eastern Siberia, whence it loses itself in the 
Arctic Seas. The whole eartl% seems by this line divided into 
two great hsmisphereB ; one embracing Europe, Airica, and the 
western [art of Asia, the other comprising nesrly the whole of 
the Anterican continent, the entire Pacific Ocean, and a portion 
of Eastern Asia. In the first hemisphere, the deviation of the 
compass is to the west; in the second, it is to the east. "The _ 
beet map of this kind has lately been published by Hansteen, ' 
Professor of Natural Philosophy,- in Christians, Norway. 

^ 385. Variation of the Compass at the same PIbee. 
The moat remarkable phenomenon accompanying the vari^ 
tion of Jhe oompaga, is ttrat the demotion from, the niirth is 
not always the same at the smne ptaee. The western devia- 
tioas increase, until they amount to about 19 degrees ; tfaey 
then diminiah, until they become zero, finally deviate to the 
«ast, untila certain maximum, whence they recede again to 
the westward. 

The line of no demtion, which now passes through America, 
went, in Ae seventeenth century, tfaroug-h Europe. The suc- 
cessive but slow deviation of the compass to the westward and 
e^atwaxi, resembles, in some respecta,,the oscillatione of a large 
pend^um. Ita laws, however, are fiv &am being sati^ujtoruy 
detetmined, and will probably need centuries of enervation and 
eiperiment before they can be relied upon. 

^ 3S6. Daily Variation ^ the NeedU. Aaether re- 
markable pheaomenon, which deservee to be notioed, is the 
daily variation of the magnetic needle, at one and the same 
place. In the forenoon, the magnetic needle moves slowly 
Vestwv'^i but. returns, during the whole of tiie remaining 
time, with a slov ^uterly motioB. 
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This gndoal inotion of the CMapasa was first diaooTered bjr 
OnbMQ, ia 17S22. Wargeriin and Canton have made siniilar ex- 
periments, and have shown that heat has a considerable influ- . 
ence upon this motion. For this experiment very long and nice 
needles muat be used ; otherwiHe the motion of the needle wiD 
escape observation. 

^ 387. hip of the Magnetic Needle. The dip of the 
magnetic needle, like its variation, differs in different parts 
of the globe. As a genera] rule, which, however, ia not 
without exceptions, we may say, it diminishes near the 
equator, ,and increases towards the poles, until, finally, at the 
poles themselvea, the needle ia perpendicular to the horizon. 
Those places at which there is no dip — those, namely, 
where the needle is perfectly horizontal — are in a line which 
encircles the earth, and is, on that account, called the. mag- 
netie equator. 

^ 38$. The magnetic eqnatoi does not coincide with the 
equator of the earth, but may be considered as a great cir- 
cle, inclined to the earth's equator, at an angle of about 13 
degrees. It cnts the (erres- 
I^* l^> trial equator in four point*, 

assuming soinewhat the shape 
represented in the annexed 
figure, where the line EE 
denotes the terrestrial, and* 
MMM the magnetic equator. 



■UaiTBTlflM OP THE EARTH. 

^ 389. To explain the ahove-described phenomena of 
the magnetic needle, many philosophers of emmence (among 
whom are Kepler, Hadley, Euler, Beraouilli, Tobias Mayer, 
&c.) considered our whole globe as one great magnet, be- 
cause it operates upon the magnetic needle, as one magnet 
does upon another. 

To ttlDSlrate familiarly the opentions of terrestTial magnetism, 
draw a circle upon a board, placed horizontally, and provide its 
centre with a small magnet. A small magnetic needle, carried 
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roand iU (»i«uaifeiaice, will a 
with regard to the circle, i« an 
the «arUi. 

^ 390. It is Dcithei neceasarj to suppose in theory, dot 
IB it at all probable in rcaiiiy, that a fixed, limited ma^^net 
exists in the centre of the earth, which causes the magnetic 
phenomena. It is very probable, on the contrary, that there 
»re large massea of magnets scattered in the interior of our 
globe, whose axes and poles must, on account of the com- 
mon law of magnetic attraction (see ^ 369), be nearly par- 
allel to each other, by which means their united virtue is 
SHniJar to that of a single magnetic bar. 

The combined effect of all these masses must alwajra be morift 
or less influenced by the locality of the place.* This is the rea- 
son why the variaUoBS of the compaaa appear more irregular the 
ftrtfaer we carry our research, and the more accurate the instil 
menis are which are employed for that purpose. 

% 391. If our eanh contains large magnetic massea in . 

centre, then it may be eaaiiy conceived, that aM the iron 

their vicinity must, in course of time, become itself magnet 

tc, which would nattiraJlf enough explain the successive 

Ranees .In the variation and inclination of the Hiagnetic 

This B the way in which Tobias Mayer, Professor of Natural 
' Philosophy in Gottingen, explains the' variation and changes in 
fhe dip of the magnetic needle ; which, according to bis suppo- 
sition, must continue, until all the iron which our globe contems 
is converted into magnet. 

% 392. Effects of Terrestrial Magnetism. Among the 
effects of terrestrial magnetism, we must count the fact, that 
iron bars become magnetic, without using any other means 
than exposing them to the atmosphere, in the direction of the' 
dip of the needle. The magnetism thus aoi^Dired is, like 
that produced by induction, of short duration. 

Iron instruments may become tnagnetic, also, by a vaziety-of 
other nieans, such as filing, boring, cutting, sawing, hammering, 
&c. This explains, in. some measure, the magnetism acquired 



_~». — . , w. uuu..u^, __u.j agree with those made u 

open atmof^ere, 
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by UxAe nwd for such purposes, the tnagoetism of pokflis, toDg^ 
and other utensils, which remain for a long time in a vertical po- 
aitioD, &c. 



INTENSITY OF HAONETISH: 

^ 393. When the magnetic- needle ia broo^ out of its 
natural direction, and let fVee again, it will vibrate in a 
manner similar to the osciilatioBs of a pendulum, until it 
tias, again assumed its original positiiKi. The velocity of 
these vibrativnB fiirjiiabes ua with a oprrect means of estt> 
mating the intenail)' of the magnetic force, as the oscillations 
of the pendulum are the only safe means of calculating the 
velocity of falling bodies, and the diminution of gravity on 
tbe equ«Ltor. 

La PtBM baa ftani, mMbNoaticaU^, that the whole theoi^ of 
Sm pendulum 4Mt onl; pMfectly applies to tlte vibrationa of the 
■Mgaedc needle, but slso that tbe intensities of the magnetic 
power, in two differeat places, are in proportion to the sqnarea of 
tbe number of vibrations which the needle makes in each of 
these places. Hereupon be has founded anetfiod cf finding the 
dip of the magne^e oeedle, by tbe mei* obwrvMioa of its vi- 
brations. . ' 

^ 394. Another remarkable fact, strimgly corrobwating 
the hypcrthesis of terrestrial magnetism, results from the ol^ 
servations of Alexander voo Humboldt. He found that tbe 
magnetic power is stronger mi the equator, and diminishes, 
without interruption, as we proceed to the sontb or nwth 
of it. 

From tbe same obBeivatianji, it appears, also, that the intenrity 
of the msenetism is fkr leas subjected to local diatuibances than 
■ the dip of the needle. 



IN HAONeTISH; 



^ 395. Facts ralatiee to tMe Tl«vry »/ Magnetism. 
The intimate relation of magnetism to electricity and heat 
bas long ago fixed the attention of philoec^hers: modem 
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ducoreries have put the identity of electricity and iDBgnel- 
aJB almost beyond a doubt. 

The ToUowing facts will eerie to establish the truth of 
this assertion : — 

1. The conducting^ wires of the voltaic pile produce de- 
viuiona in the magnetic needle.* 

2. The electricity of the conducting wire impwts penna- 
nent magnetism to a steel needle. 

3. Magnetism can be imparted, also, by common elec- 
trioity, by means of an electric spark. 

Arago and Savary found that the magnetiBai copmuuucat^ in 
this manner to a needle, does not increase with the numW of 
sparks, and that its maximiiin depended oh the qualitf of the 
steeL 

^ 396. lafiuence of Heat. The influence of A«d upon 
magnetism has already been spoken of. We will now 
mention the remarkable experiments first made on that 
subject by Prof. Seebeck, in 1822. t If a piece of bismuth 
is connected with a piece of brass or copper, bo that the 
whole forms a ring, and one end of the bismu^ is suddenly 
heated, then a magnetic needlei in its vicinity, will deriate 
from its direotiim in the same manner as when affected by 
the zinc pole of a voltaic battery. If, instead of bismuth, 
antimoaium be taken, t^en the result will he 'exactly the 
reverse ; that is, the needle will deviate in the opposite 
direction. 

Bismuth and anUmouium are not the only metals which, com- 



^ 397. Infiuenee of IAg\t. It remains for ns to notice 
the influence of light on the developement of magnetism.. 
Marochini, in Rome, found that steel needle became mag- 
netic when exposed for a lenzth of time to the violet rays 
of the prisjnatic spectrum. Lady Somerville, in London, 
and Baumgartner, in Germany, made similar experiments, 
and obtained the same result. 

* This discDvery iras nude in 1830, by Prof AenrtldL 
t Gilbert'! AduIi of NatoialFMlcnapb?, Vol. LXXD. 
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The red, ontnge, ftnd jrellow raya are without effect ; the green, 
blue, and Tiolet ravs produce magnetic polaritjr ; green the JeiMt, 
violet the most. The needle iiiuat, for this purpose, be half coV' 
ered, and eiposed, Tor at least two hours, to the influence of the 
rays. Id the focui of a buroing-glaes the same result is obtained 
in 30 minut«H. The part which is exposed to the violet rays be- 
comes the north pole. The light of the nuxui or of a lamp pro- 
duces no such effects. 



RECAPITULATION. 
Of Magntlism. 

[^ 364,] What peculiar property is possessed b; cer- 
tain piec«s of black iron oxide 1 What are these pieces 
e^led T Can Ihe power of attracting iroa be commuaicated 
to other iron or steel I What is a piece of iron or steel, 
which has thus received the power of a maguet, called t 

[§ 365.] Are theie, besides iron, any other metals 
which participate in the magnetic properties? WluU we 
dU bodits, according to modern discoveries, suseqitible o/? 

In what parts of the world are native magnets found ? 



A. — RelatioH of Native Magnets to Unmagnetic Iron. 

[^ 366.] What metals adhere to native magnet with 
eoasiderable fwce t 

How cMi IliiB power be measured ? Does this power depend 
ODthe size of the mignet? Is it always the same in one tuid 
te magnet? a 

S 36T.] Does the magnetic power operate in all points 
the surface of a magnet with equal intensity 1 How 
many places are there, in which its attractiTe powers are 
greatest t What are these places called 1 

How can they be made visible P What position will a thin 
j^ece of iron have at the poles of the magnet P What position 
win it have in the middle ? What, in any other place of its 
nrftcep 
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986 BxcAPiTui^Tioir. [obap. n. 

[^ 366.] la the magnetic attraction increased or dimm- 
ished, when both poles are made to operate at the eaine 

What shape is, on this account, generally given to artificial 
magnets? 

[^ 309.] Is the attractive power of magnet manifest 
onl; in contact, or does it operate, also, at considerable 
distances? What general law does, in this respect, appi; 
also to the magnet 1 

[§ 370.1 What takes place when a native magnet is 
placed under a plate of glass, wood, pasteboard, or even ~ 
metal, which b thinly covered with iron filings? 

What does this experiment prove ? 



B.^ — Relation of a Magnet to itsdf, and to another Magnet. 

[^ 372.] When a magnet is so situated that it can freely 
move in a horizontal position, in what determined direo 
tion does it always place itself? What is this wonderful 
property of the magnet called 1 

What all-important instrument is constructed upon tiis proper- 
ty of the magnet P Was this property fenown to the ancients? 

[^ 373.] Does the attraction which exists between '« 
magnet and unmagnetic iron, exist also between two mag- 
nets ? What lau is there with regard to the respective pola 
of ttoo magnets t 

How can this bw be* exhibited ? What are the two polea 
which mutually atlntct each other called ? What are those poles 
called, which seem to repel each other ? 



Imparting of Magnetism. 

[^ 374.] How many different methods are there of 
making artificial magneU? What are they? 
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[§ 375.] KxplaihthemetlKHlof M'l^&toucA; {!,)• With 
ooe magoet only. (2.) Explain the same operation when 

two magnets are employed. (3.) What is the moat effectual 
way of commuoicatitig magnetism by the single touch? 

[^ 376.] Explain the method by doublt touch. 

[§ 377.] Explain the method hj percussion, 
■ Why is it beat (in tiie method by percuaaion) to hammer the 
tteel bars upon soft iron or steel, in preference to wood, or any 
other substance ? 

[§ 378.] What is the general law observed in making 
artificial magnets, by any method tehattver ? . 

Which is eaner magnetized, soft iron, or steel ? In which is 
tbe magnetic power more permanent ? 

[§ 379.] Does the magnet, which' is employed in mag- 
netizing a Bteel bar, lo^ much of its own power ? Can one . 
and the same magnet be employed for magnetizing several 
bars 1 What is the name of an apparatus formed -by the 
combination of a number of such bars t 

■ Yi 380.] In what state is a piece of iron, as long as it 
is attached to a magnet ? What is it, in this state, said to 
beT Does the magnetic power, thus acquired, continue 
after the magnet is removed from it ? 

[^< 3S1.] What is the law of magnetic attraction similar 
tot What pole does the south" pole of a magnet escite in 
tbe end of an iron bar, which ia in its immediate neighbor- 
hood? What, in that end which is most remote from it? 
What state of magnetism, therefore, does each pole commu- 
nicate to the neighboring iron 7 

[§ 382. j What inference hafe some philosophers drawn 
iVom the smiilarity between the laws of electric ilj and mag- 
netism? . 

What did ^pinus suppose all maeuetic phenomena to proceed 
&om ? How, then, did he account for the magnetic phenomena ? 
How do Wilcke and Brugmau explain the magnetic phen 



• The signs (1), (2), (3), refei to §376, IM, Sd and 3d. 
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Of the Variatitm aad'Dip of the Magntfic Nudk. 

[^ 383.] When sd unmagnetic iron needle U poised, in 
its centre, upon a sharp point, so that its position is perfect- 
ly horizontal, and it is atlerwarda magnetized, what position 
wiH.it then, in most places, assume t What is the ^viatum 
from due north eaUea ? What, thr tntUnation to the horizon f 

[§ 3S4.] How many degrees westward of due north 
does the north pole of the compass deviate in EoglaDit, and 
throughout Europe T Do these deviations remain always 
the same t What is the line in which the compass points 
<«actlj north called? What are the deviatiwiH beyond this 
lineT^ 

What does the liii« of no deviation seem to tbrm ? Thniag'h 
what countries does it pass? Into what is die whole esith by 
tbid line divided P Which way does the compaaa deviate, in the 
first hemisphere ? Which, in the second ? 

[§ 385.] What is the most remarkable phenomenon ae- 
eompanyitig the variation offhe compass ? How far do the 
Weriers deviations increase 1 When do they begin to di- 
minish? Which way do they increase after becoming 
zeroT 

Through what part of the world did the line of no deviation ^ 
in the 17th century ? What are the succesaive, but slow devia- 
tions of the compass to the westward and eastward, similar to ? 

E\ 3S6.] What other remarkable phenomenon desems 
e noticed T What is the diurnal motion of the magnetic 
needle? 



[§ 387.1 Is the dip of the magnetic needle the same in 
all parts of the globe ? What general rule can you give re- 
specting the dip of the magnetic needle ? In what line are 
those places at which there is no dip situated ? Wh^t is 
this line called? 

[^ 388.] Does the magnetic equator coincide with tlw 
equator of the earth ? How, then, is it inclined to the earth's 
equator ? In how many points does it cut the- terrestrial 
equator ? 
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Magnttism of the Earth. 

[^ 389.] What did many philosophers of eminence con- 
sider our whole globe to be t Why 1 

How can ;ou illustrate the operation of teirestrial mBguetism ? 

[^ 390.] la it probable thu a fixed, limited magnet ex- 
iats in the centre of the earth? How, then, do you account 
for the magnetism of the earth t 

If tfiere are targe masses of magnet scattered in the interior 



[§ 391.] If our earth contains large magnetic masses in 
its centre, what must become of all the iron in their vicinity ? 
What phenomena would, by this supposition, be esplained T 

[§ 393.] What important fact must be ascribed to the 
<^eratian of terrestrial magnetism 7 la the magnetic power 
acquired through the influence of terrestrial magnetiam 
permaneiit f 

By what otlieT means can iron instnuientB become magnetic? 
What phenomena does this explain ? 



Intemity of Magnetism. • 

. [§ 393.1 In what manner does a magnetic needle move, 
when it is Drought ont of its natural position, and then let 
free ^ain 1 What are we able to estimate bj the velocity 
of these vibrations t 

What important law did La Place ^scover respecting the in- 
tensities of the magnetic power in two difierenf places P 

[^ 394.1 What other remarkable fact, strongly corrobo- 
rating the nypothesia of terrestrial magnetism, results from 
the observatioaB of Alexander von Humboldt 1 

Is the intensity of magnetism subjected to the same local di>- 
turbtncea as tb'e magnetic needle ? 



Modem Discovtriea in MagnaiitiL 
[^ 395,] What intimate connection is, by modara dw- 
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coreiiea, proved to exist between, electricity and magnet- 
iaml Wliat facts can yoa adduce to establish the truth 
of this assertion T 

Does the magnetism, imparted to a 
increase with the number of Bparics ? 

[S 396.] What remarkable experiment was first made 
by Prof. Seebeck, on the eubject of the influence of heat 
upon magnetism 1 If, in the experiment you have just de- 
Roribed, antimony be substituted for bismuth, what results 
will then be obtained 1 

Are bismuth and an^manium the only metals which, combmed 
with copper, and then heated, produce deviationa of the magnelic 
needle ? 

[§ 397.] What influence of light on magnetism did 
Marochini, in Rome, first discover? Were similar results 
obtained by any other person T By whom 1 

What rays are without magnetic effect ? What raya produce 
^Ugnetic polarity ? Which raya produce the least, and whidi 
the greatest polarity P In what manner must the needlea h» 
prepared, and how long must they remain exposed to the inSu- 
ence of the rays, before they exhibit magnetic polarity P In 
bow many minutea is the same result obtained ii ' " 

1 .1 mrr .. .. _. . T .1 _ Qgg^g ],gp, 

r of a lamp produce similar 
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Spa^ GravitUi of Bodia eomparal vnih DiafiUed Water. 



Alcohol, highly recti- 

' lied .0.809 

Blood 1.053 

Camphor 0.98S 

Chalk 2.657 

Diamond (Oriental). . 3.521 
" (Brazilian). 3 

Ether 0.866 

Flint 2.582 

Crown Glass 2.520 

Flint Glass, from 2.760 

to 3.000 

Oun|K)wder, loose .... 0.836 
solid .... 1.745 

Indigo 1.009 

Isinglass ...' Mil 

iTory 1.835 

Umeatone, from 2.386 

to 3.000 

Marble 2.716 

Metals. 

Antimony .....' 6.702 

Araeuic 5.763 

Bismuth 9.880 

Brass, from 7.824 to. . 8.396 

Cobalt 8.600 

Copper 8.900 

Gold, cast 19.25 

Gold, hammered 19.35 

Iron, cast.. 7.248 

Iron, bar-hammered.. 7.778 

Lead 11.35 

Manganese • 8.000 



Mercury, at 60° Fahr- 
enheit 13.58 

Nickel, caat 8.279 

Platinum 21.47 

Silver 10.47 

" hammered ..... 10,51 

Steel, soft 7.833 

" hardened 7.840 

Tellurium, from 5.700 

to i 6.115 

Tin 7.291 

Zinc, from 6.900 to . . 7.191 

Wood. 

ApplMree 0.793 

Beech 0.853 

Brazilian, Red 1.031' 

Cedar, American .... 0.661 

Cherry-tree 0.715 

Cork 0.240 

Ebony, American. ... 1.331 

Elm 0.671 

Lignum Vitas 1.333 

Mahogany 1.063 

Maple 0.750 

Oak ....1.170 

Olive-tree 0;927 

Orange-tree 0.705 

Pear-tree 0.166 

Poplar 0.583 

Vine 1.327 

Walnut 0.681 

Willow 0.685 

Wood-stone, from 
2.045 to 3.67S 
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ExhOnUng Oix Sptcyk Caloric eonlaintd in $imt Svbttaneet, etfei- 
pared vnik the Quantity of Caloric canlained in an equal fFeight 
ofWata: 



Gases and Liquids. 

Oxygen 0.2361 

A^ 0.2754 

Water 1.0000 

Air 0.2669 

Hydrogen Gas 3.2936 

Carbonic Acid ..... 0.2;J10 
- Aqueous Vapor 0.8470 



Melais. 

Biarauth 0.0288 

Lead 0.0298 

Gold 0.0298 

Platinum 0-0314 

Tin . . . .'. 0,0514 

Siker 0.0557 

Zinc 0.0927 

Tellurium 0.0912 

Copper 0.0949 

Nickel 0.1005 

Iron 0.1100 

Cobalt 0.1498 

Sulphur 0.1880 



TABLE III. 

BoUing Points. 

Ether 100° Pahr. 

Alcohol I'^H 

Nitric Acid 210 

Water ■■■■ 212 

Sea Salt (solution) 224j 

Muriate of Lime. . .' 230 

Muriatic Acid 232 

Nitric Acid 240 

Oil of Turpentine 316 

Linseed Oil 640 

Mercury 656 
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ExhSntijig Ou Jkgree of TVnuxrature of u 
longeia orfieext. 



m lAquiih 



Sulphuric Ether —46° 

Nitric Acid ■. — 45.5 

Sulphuric Acid — 46 

Hercurj — 39 

Brandy , , , , , -:— 7 

Pure Prussio Acid -|- 4 

Strong Wines -4-20 

OUofTuipentine + 14 

Blood +26 

Vinegar^ +28 

Milk +30 

Water +30 



Diamond 2.755 

Melted Sulphur 2.148 

Sulphate of I^ad .... 1.925 

Sapphire, blue 1.794 

white 1.768 

Glasa .1.732 

Topaz, Brazil 1.640 

Mother of Pearl 1.653 

Oilof Caasia........ 1.641 

Castor 1.626 

Tortoise-shell 1.691 

Horn 1.565 

Reain 1.669 

Turpentine 1.557 



Amber 1.547 

Oil ofTobacco 1.547 

Plate QIasa 1.514 

Colophon; 1.643 

Beeswax 1.542 

Gum of Tragacanth . , 1.520 

Gum Arabic 1.502 

Oil of Caraway-aeed. . 1.491 

CastorOil 1.490 

Camphor 1.487 

Oil of Turpentine.... 1.475 

" Lavender ..... 1.462 

" Camomile ....1.457 

Fluor Spar 1.434 
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Alcohol .• 1.372 

White ofEgga 1,361 

Ethei 1.358 

Crystalline Lens of the 

Human E;e 1.384 

Ice 1.308 

Atmoaphetic Air .... 1.000 
Oxygen 0.924 



Hydrogen 0.470 

Azote... ^ 1.030 

Chlorine .* 2.623 

Nitrous Gas 1.030 

Oxide of Carbon .... 1.157 

Carbonic Acid 1.526 

Muriatic Ether 3.720 

Sulphurous Acid .... 2.260 



t, Google 



t,C.«'ogk' 



t, Google 



